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ABSTRACT
Lemoine, Stephen, M.S., 1979 Geology
C o r re la t io n  o f  the Upper Wallace w i th  the Lower Missoula Group and 
Resu l t ing  Facies In te r p r e ta t io n s ,  Cabinet and Coeur d 'A lene Mountains, 
Montana. (162 p p . )
D i r e c to r :  Don Winston
Recent geolog ic  mapping in  northwestern Montana and nor theastern  
Idaho has uncovered k i lo m e te r - th i c k  sect ions o f  upper Wallace and 
lower Missoula Group. Five rock types are i d e n t i f i e d  in  these u n i t s ,  
each corresponding to  a depos i t iona l  fac ies  t r a c t .  The red-purp le  
si 1t i t e - a r g i 11i te rock type contains mud c l a s t s ,  des icca t ion  cracks,  
and s t r a i g h t  or  sinuous crested asymmetrical r ip p le s  w i th  i l l i t i c  
c lay  minera ls  and euhedral magnet ite .  I t  represents a marginal 
marine m u d - f la t  sedimentary environment. In co n t ra s t ,  the te rr igenous 
green si 1t i t e - a r g i 11i te  rock type has s t r a i g h t  crested symmetrical 
and asymmetrical r i p p le s ,  synaeresis cracks, p y r i t e  cubes, and 
abundant c h l o r i t e  which probably o r ig in a te d  from the diagenesis o f  
s m e c t i t i c  c lays .  I t  was deposited in  a shallow water marine fac ies  
t r a c t  o f  high te rr igenous  i n f l u x ,  seaward o f  the red-purp le  fa c ie s .  
La te ra l  to t h i s ,  in  areas o f  low te r r igenous  i n f l u x ,  i s  the fac ies  
t r a c t  o f  the d o lo m i t i c  a r g i l l i t e - s i l t i  te  rock type which is  s im i l a r  
to the te rr igenous  green s i 1t i t e - a r g i 11i te  rock type except th a t  i t  
is  more a rg i l l a c e o u s ,  has more symmetrical r ip p le s  and l e n t i c u l a r  
bedding, and conta ins a t  le a s t  5% carbonate. Do lom it ic  a r g i l l i t e -  
s i l t i t e  is  in  tu rn  t r a n s i t i o n a l  to  the molar too th  carbonate rock 
type which is  charac te r ized  by c a l c i t e  molar too th  s t ru c tu re s  and 
subaqueous s t ro m a to l i t e s .  Seaward o f  a l l  fac ies  t r a c t s  is  the deep 
wa te r ,  sub-wave base, euxenic sedimentary environment o f  the black 
s i  1t i t e - a r g i l 1i te  rock type which is  s l i g h t l y  carbonaceous and 
p y r i t i c  and has paper th in  s i 1t i t e - a r g i 111 te couple ts  in  a d d i t io n  to 
cen t im e te r  to  meter scale t u r b i d i t e  beds. Regional d i s t r i b u t i o n  o f  
t h i s  rock type and o the r  rock types ind ica te s  a tendency f o r  env i ron ­
ments o f  a more con t inen ta l  aspect to  the south and environments o f  
a more marine aspect to  the n o r th ,  suggest ing th a t  the source area 
was probably from the south.
Lower Missoula Group format ions in the southeastern p o r t io n  o f  the 
study area have been mapped by e a r l i e r  workers as Snowslip, Shepard, 
and Mount Sh ie lds .  Subunits in  the Snowslip cons is t  l a r g e l y  o f  the 
te r r igenous  green and red-purp le  rock types,  however a d i s t i n c t i v e  
b lack si  1t i t e - a r g i l 1i te member is  present in  the middle to upper 
p a r ts .  The Shepard has calcareous un i ts  in  the lower to  middle parts
i i
and an absence o f  a b lack s i I t i t e - a r g i l l i te u n i t .  To the nor th  
and northwest t h i c k  sect ions o f  upper Wallace have been mapped 
and the o v e r l y in g  basal Missoula Group has been ca l le d  the S t r iped  
Peak Formation. Except f o r  lower red -pu rp le  s i l t i t e - a r g i l 11 te 
u n i t s ,  a l l  subun i ts  present in  the Snowslip and Shepard in the 
southeast are present in  the upper Wallace and extend to  the n o r th ­
west as f a r  as the Idaho-Montana border .  I t  i s  suggested th a t  the 
names Snowslip and Shepard be extended i n t o  t h i s  area. An upper 
b lack s i I t i t e - a r g i 11i t e  u n i t  absent to  the southeast is  here 
inc luded w i th  the Shepard, and red beds o f  the basal S t r iped  Peak 
Formation are be l ieved to be c o r r e la t i v e  w i th  red beds in the basal 
Mount Sh ie lds .  Fu r ther  no r thw es te r ly  extension o f  the Snowslip 
and Shepard format ions is  im p ra c t ica b le  cons ider ing  poor s i m i l a r i t y  
between Snowslip e q u iva le n t  s t r a ta  o f  the upper Wallace in  Montana 
and e q u iva le n t  rocks inc luded w i th  the Wallace Formation a t  Clark 
Fork, Idaho. Hence, the lower Missoula Group in te r tongues w i th  the 
upper Wallace in  the northwestern par ts  o f  the B e l t  basin and a 
prec ise  d e f i n i t i o n  o f  the m id d le -B e l t  carbonate-Missoula  Group 
boundary becomes prob lemat ica l  f o r  t h i s  area.
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CHAPTER I 
INTRODUCTION
General Statement
The Precarnbrian B e l t  Supergroup o f  western Montana and northeaste rn  
Idaho has fo u r  major s u b d iv is io n s :  the lower B e l t ,  the R a va l l i  Group,
the middle B e l t  carbonate,  and the Missoula Group, (F ig .  4, Harr ison ,  
1972). The reg iona l  s t r a t i g r a p h ie  r e l a t i o n  o f  the Missoula Group to  the 
middle B e l t  carbonate has f o r  a long t ime b a f f le d  many B e l t  g e o lo g is ts .  
This study demonstrates th a t  in northwestern Montana (F ig .  1) the lower 
pa r t  o f  the Missoula Group passes l a t e r a l l y  in a no r thw es te r ly  d i r e c t i o n  
to rocks inc luded in  the upper Wallace.
Although the Be l t  Supergroup has been under in v e s t ig a t io n  f o r  n e a r ly  
one hundred years ,  our knowledge o f  the genesis o f  these sedimentary 
rocks is  s t i l l  l im i t e d .  A recent in te g ra te d  i n t e r p r e t a t i o n  by Winston 
(1977) has resu l te d  in a sedimentary genet ic  model which may e xp la in  the 
o r i g i n  o f  some o f  the many rock types and sequences repeated several times 
throughout the B e l t  s e c t io n .  The present study shows the degree to  which 
t h i s  model app l ies  to the lower Missoula Group and upper middle Be l t  
carbonate in northwestern Montana. Winston has not s u f f i c i e n t l y  expla ined 
the b lack s i 1t i t e - a r g i 11i t e  rock type which is  described and in te rp re te d  
in  d e t a i l  here f o r  the f i r s t  t ime.
The l a t e r a l  t r a n s i t i o n  from the more o x id iz e d ,  te r r igenous  l i t h o l o g i e s  
o f  the lower Missoula Group in  so u th e r ly  areas to  the more reduced and 
carbona t ic  l i t h o l o g i e s  o f  the upper Wallace in the n o r th e r l y  areas r e f l e c t s  
a change from a near-shore sea margin f l a t s  sedimentary environment to  
a dominant ly ,  o f f - s h o r e ,  shallow water sedimentary environment. The black 
si 1t i t e - a r g i 11i t e  rock type represents a sub-wave base euxenic s e d i ­
mentary environment located in  the d i s t a l  deeper water areas o f  the Be l t  
Sea.
Geographic-Topographic Se t t ing
The rock u n i t s  under i n v e s t ig a t io n  were examined in  a mountainous 
area o f  northwestern Montana t rend ing  approx imate ly  NW-SE and ly in g  
mostly  between the towns o f  P la in s ,  Montana and Clark Fork, Idaho,
(F ig .  2 ) .  The v a l le y  o f  the C lark Fork R iver  roughly  d iv ides  the region 
in  h a l f ;  the mountains to  the west o f  the v a l le y  as f a r  as the Purce l l  
t rench have been termed the Coeur d 'A lene Mountains, whereas those to  the 
east o f  the v a l le y  extending to the L i t t l e  B i t t e r r o o t  River are ca l le d  
the Cabinet Ranges. The nor thern  h a l f  o f  the study area f a l l s  w i t h in  the 
boundaries o f  Kaniksu Nat ional Forest and the southern h a l f  is  conta ined 
w i t h in  Lolo Nat ional Forest .
The no r th -sou th  l i m i t s  o f  the Coeur d 'A lene Mountains have not been 
g e n e ra l ly  agreed upon. On some maps the ranges have been inc luded w i th  
the B i t t e r r o o t  Mountains, but on the U.S. Geological Survey phys io ­
g raph ic  map (1968) they are designated as the Coeur d 'A lenes.  As
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o r i g i n a l l y  def ined by L indgren,  (1907, p. 34) the range s t re tches  from 
the v i c i n i t y  o f  Lolo Pass, southwest o f  M issou la ,  northwest to  Lake 
Rend O r e i l l e ,  Idaho, Taken as a whole, the Coeur d 'A lene Mountains 
have a less d i v e r s i f i e d  r e l i e f  than the ranges surrounding them because 
they have n ea r ly  leve l  c re s ts  which average between 1500 and 1800 meters 
e le v a t io n .  With the except ion o f  the summits, a few canyons, and some 
scarp su r faces ,  they are g e n e ra l ly  covered w i th  dense con i fe rous  f o re s t .
The Cabinet Ranges are considered to  extend from Bonner's Fer ry ,
Idaho, a t  Kootenai R iver southeast through Montana to  the ju n c t io n  o f  
the Jocko River w i th  the Flathead R ive r ,  (C a lk ins ,  1909, p. 14). They 
are as a whole somewhat l i f t i e r  than the Coeur d 'A lenes ,  e s p e c ia l ly  
in  the northern reaches where a lp in e  g la c ia t i o n  has carved a steep and 
jagged landscape. Here, the h ighes t  summit, Snowshoe Peak, r ise s  2640 
meters above sea le v e l .  Southeastward from Verm i l ion  R iver  the average 
leve l  o f  the Ranges d im in ishes a b ru p t ly  and the Cabinets take on the 
more subdued c h a r a c t e r i s t i c s  o f  the Coeur d 'A lene Mountains.
Fur ther  d e t a i l s  e xp la in in g  the topography are presented in the 
sec t ion  on the s t r u c t u r a l  geology.
Previous Geologic Work
Previous geo log ic  work in the Cabinet Ranges, Coeur d 'A lene Mountains, 
and border ing  areas ranges from broad reconnaissance mapping to  d e ta i le d  
quadrangle mapping to  recent d e ta i le d  mapping a t  a 1:250,000 sca le .  Studies 
re le v a n t  to  t h i s  i n v e s t ig a t io n  are mentioned below. The ir  im p l ic a t io n s  
are discussed in the next sec t ion .
In 1908 Ransome and Ca lk ins ,  in  t h e i r  re p o r t  on the geology and 
ore depos i ts  o f  the Coeur d 'A lene d i s t r i c t ,  Idaho, f i r s t  assigned f o r ­
mation names to  the B e l t  u n i t s  they encountered. La te r  reconnaissance 
by Calk ins (1909) showed th a t  these u n i ts  could  be extended r e g io n a l l y ,  
and h is  work re su l te d  in a genera l ized  geo log ic  map o f  most o f  n o r th ­
eastern Idaho and northwestern Montana. This study l a i d  the groundwork 
f o r  l a t e r  mapping by Anderson (1930),  in  the Clark Fork d i s t r i c t ,  Idaho, 
and by Gibson e t  a l .  (1941),  f u r t h e r  south a t  the Trout Creek area in  
Montana, A d d i t io n a l  work by Gibson (1948),  resu l ted  in  a reasonably 
d e ta i le d  geo log ic  map o f  the Libby 15' Quadrangle in  Montana.
Harrison and Jobin (1963) remapped the C lark  Fork 15' Quadrangle 
in  which several o f  the fo rm a t ions ,  e s p e c ia l l y  the Wallace and the 
S t r iped  Peak, were subdiv ided in to  in formal members. S im i l a r l y ,  Hobbs 
e t  a l .  (1965) redescr ibed the geology o f  the Coeur d 'A lene d i s t r i c t  where 
they too were able to  d i f f e r e n t i a t e  members in some o f  the fo rm at ions .
In Montana, a se r ies  o f  repo r ts  by the Montana Bureau o f  Mines and Geology 
(Johns, 1959, 1960, 1961 and 1970) incorpora ted  much new mapping o f  the 
areas nor th  and east o f  the Cabinet Ranges.
In 1975 the U.S. Geological Survey released an open f i l e  vers ion  o f  
the geology o f  the Wallace Sheet, (Harr ison  et a l . ,  19 ^ j . The p o r t io n
o f  t h i s  sheet mapped by A l len  Griggs invo lves  the southern h a l f  o f  the 
Cabinet and Coeur d 'A lene Mountains (F ig .  5 ) .  This work, plus Gibson's 
Libby Quadrangle and Harr ison and Jo b in 's  C lark  Fork Quadrangle, provided 
the groundwork f o r  the s t r a t i g r a p h ie  in v e s t ig a t io n s  o f  t h i s  re p o r t .  More
r e c e n t ly  Lindsey e t  a l .  (1978) has released open f i l e  maps o f  the Cabinet 
Wilderness area; however, t h i s  work was not a v a i la b le  u n t i l  t h i s  th e s is  
was nea r ly  f i n i s h e d .
Studies in border ing  areas are numerous. P e r t in e n t  work nor th  o f  
the area inc ludes th a t  o f  Sheldon (1961),  Sommers (1961),  and Harrison 
e t  a l .  (1972). To the south are s tud ies  by Campbell (1960),  Hall  (1968),
and Wells (1974).  Relevant work to the east inc ludes t h a t  o f  Smith (1963),
Barnes (1963),  Harr ison e t  a l .  (1969),  and Johns (1970). To the west 
o f  the area, the re p o r t  by Hobbs e t  a l .  (1965) remains the most s i g n i f i c a n t
S t ra t ig ra p h ie  S e t t in g  and C o r re la t io n  Problem
The middle B e l t  carbonate or  "Piegan Group" is  gen e ra l ly  considered
to c o n s is t  o f  the Helena Formation in  the eastern par ts  o f  the B e l t  Basin
and the Wallace Formation in  the western par ts  (F ig ,  4,  H arr ison ,  1972).
Overly ing the middle B e l t  carbonate i s  the Missoula Group.
The con tac t  between the Helena-Wallace Formations 
and the Missoula Group is  one o f  the sharpest in the
e n t i r e  B e l t  Supergroup over most o f  the basin ,  i f
the con tac t  is  def ined as the hor izon where h e m a t i t ic
fe ld s p a th ic  red and green e la s t i c s  cha rac te r ized  by 
abundant c h l o r i t e  on bedding planes o v e r l i e  carbonate 
or  green to black s l i g h t l y  ca rbona t ic  p o l i t i c  s t ra ta  
o f  the middle B e l t  carbonate,
(Harr ison ,  1972, p. 1222).
The "red and green e l a s t i c s "  above the middle B e l t  carbonate in f a c t  l i e  
a t  several s t r a t i g r a p h ie  le v e ls  across the B e l t  bas in .  In Washington, 
Idaho, and the extreme northwestern pa r ts  o f  Montana the lower Missoula 
Group is  known as the S tr iped  Peak Formation, (Ransome and C a lk in s ,  1908,
8
p. 44 ) ,  a h ig h ly  heterogeneous package o f  red beds, green beds, and 
carbonates considered to  possess fo u r  subuni ts  in  the C lark Fork area, 
(Harr ison and Job in ,  1963, p. 16). In the eastern par ts  o f  the B e l t  
basin the basal Missoula Group is  designated the Snowslip Formation, which,
a t  the type se c t io n ,  is  composed most ly  o f  red,  p u rp le ,  and green c l a s t i c
t  k e
q u a r t z i t e  and a r g i l l i t e ,  (C h i ld e rs ,  1963, p. 144). Capping dJid Snowslip 
in  some l o c a l i t i e s  is  the Purce l l  la va ,  the on ly  igneous e x t ru s iv e  in 
the B e l t  Supergroup. The Purce l l  lava has been dated by Pr ice  (1964) 
as 1100 rn.y. o ld .  Over ly ing  the lava is  the Shepard Formation, o r i g i n a l l y  
described by U i l l i s  (1903, p. 316) as a "ye l low  fe r rung inous  q u a r t z i t e "  
but which is  in  r e a l i t y  a somewhat heterogeneous u n i t ,  s im i l a r  to the 
Snowslip except th a t  i t  i s  d i s t i n c t i v e l y  more carbonat ic  and stromat o i i t i c , 
red beds being subord ina te ,  (Ross, 1959, p. 52, C h i ld e rs ,  1963, p. 144, 
and Smith, 1963, p. 98). Where the Purce l l  lava is  absent, the Snowslip- 
Shepard t r a n s i t i o n  Is g rada t iona l  from the te r r igenous  s t ra ta  o f  the 
Snowslip to  the more ca rbona t ic  s t r a ta  o f  the Shepard. The top o f  the 
Shepard is  usu a l ly  placed where green and gray s i l t i tes pass conformably 
in to  the red or purp le  s i l t i t e s  and q u a r t z i t e s  o f  the Mount Shie lds 
Formation.
The c o r r e la t i o n  o f  the S t r iped  Peak Formation w i th  the Snowslip,  
Shepard, and Mount Shie lds fo rmat ions has sparked l i v e l y  con troversy .
Clapp and Deiss (1931, p. 691), suggested e a r l y  t h a t  the "Marsh Formation"
o f  the Helena area was an e qu iva len t  o f  the S t r iped  Peak in  the
Coeur d 'A lena d i s t r i c t .  Ross (1963, p. 29) supported t h i s  i n t e r p r e ta t i o n
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by d e f in in g  the Missoula Group as “ embracing a l l  o f  the compara t ive ly  
b r ig h t - c o lo re d  reddish and greenish a rg i l la c e o u s  s t ra ta  above the 
Piegan Group". L a te r ,  McGi l l  and Sommers (1967, p. 350), found th a t  
the “Marsh" a c t u a l l y  cons is ted  o f  three widespread and mappable f o r ­
mations which were e a r l i e r  designated by Ch i lders  (1963) in  the Marias 
Pass area: the Snowsl ip, the Shepard, and the Mount Sh ie lds ,  thus making
these u n i t s  c o r r e l a t i v e  w i th  the S tr iped  Peak. Smith and Barnes (1969, 
p. 1421), however, a t  the suggest ion o f  Don Winston, proposed th a t
1) the Shepard o f  the W h i te f ish  and Ural areas (nor th  northwestern Montana) 
c o r re la te s  w i th  the upper Wallace o f  the Clark Fork, Trout  Creek, and 
Libby areas, and 2) the upper Wallace o f  the th ree last-named areas 
c o r re la te s  to  the south w i th  the “ upper Spruce" ( i . e .  upper M i l l e r  Peak 
Formation, see Figure 3 f o r  des igna t ion  o f  s t r a t i g r a p h ie  nomenclature) o f  
the St.  Regis-Super ior  area. In a fo l lo w in g  publ ished d iscuss ion ,  Harr ison 
and Campbell (1968), tak ing  in to  account new mapping work d isputed the 
second c o r r e la t io n  but d id  not complete ly  d iscoun t  the f i r s t ,  s ta t in g  th a t  
“ . . . t h e  i n t e r f i n g e r i n g  o f  these two groups (Piegan Group and Missoula 
Group) is  a p o s s i b i l i t y  l im i t e d  to the nor thern  and nor theaste rn  parts 
o f  the bas in " .  Nonetheless,  H a r r iso n 's  1972 paper, which rev ised much o f  
the B e l t  te rm in o lo g y , showed the Snowslip-Shepard-Mount Shie lds as 
c o r r e l a t i v e  w i th  the lower to middle S tr iped  Peak o f  Idaho and adjacent 
pa r ts  o f  Montana, (F ig .  4 ) .  L a s t l y ,  Winston (1977, p. 11), co r re la te d  
the lower Mount Shie lds sandstone member w i th  the “ S tr iped  Peak q u a r t z i t e "
1 2
(S t r ip e d  Peak 1 o f  Harr ison and Job in ,  1963), consequent ly  e i t h e r  the 
Shepard Formation un d e r l ies  most o f  the S tr iped  Peak and has been mapped 
as Wallace, o r  the Shepard disappears westward by fa c ies  change or 
e ros ion .
Figure 5 shows the geology o f  those p o r t io n s  o f  the Cabinet and 
Coeur d 'A lene Mountains mapped on the Wallace 2° sheet. On the east s ide 
o f  the Clark Fork R iver  the lower Missoula Group u n i t s  were mapped as 
Snowslip and Shepard. On the west s ide o f  the R iver  AA-d" Wallace is  sub­
d iv ided  in to  lower and upper u n i t s ;  the o v e r ly in g  Missoula Group is  
mapped as S tr iped  Peak. Figure 6 shows some o f  the more re le van t  
s t r a t i g r a p h ie  sec t ions  and t e n t a t i v e  c o r r e la t io n s  from work done in 
border ing areas (see page 15 f o r  e x p la n a t io n ) .  This study demonstrates 
c o r re la t io n s  between u n i t s  mapped as upper Wallace and lower Missoula 
Group in  the Cabinet-Coeur d 'A lene area and discusses the problems 
encountered in a t tempt ing  to  c o r re la te  these u n i t s  w i th  those recognized 
in  ne ighboring areas.
S t ru c tu ra l  Se t t ing
Although the s t r u c tu r e  o f  the study area has never been analyzed 
in  d e t a i l ,  i n t e r p r e ta t i o n s  made in  border ing areas may be ex t rapo la ted  
in to  t h i s  area.
Major fo ld s  in  the region c o n s is t  o f  no r th -sou th  t rend ing  a n t i c l i n e s  
and sync l ines  which plunge g e n t ly  to the no r th .  Except f o r  the overturned 
l imb o f  an a n t i c l i n e  in  the Cougar Peak-Vermil ion Peak area, the fo lds
Figure 5- Generalized geologic map of the 
portion of the study area mapped 
on the Wallace 2° sheet. Section 
locations designated as follows;
1, Big Hole Peak; 2, Cabin Lake;
3, Graves Greek; 4, Martin Greek. 
Adapted from Harrison et al., 1974.
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Exp lana t ion
1) Coeur d 'A lene  D i s t r i c t ,  Idaho, a f t e r  Hobbs e t  a l .  (1965,
pp. 4 4 - 4 5 ) .  The Wal lace Formation was d iv id e d  i n t o  lower  and upper 
members. The upper member was f u r t h e r  subd iv ided  i n t o  th re e  sub­
u n i t s :  a lower green a r g i l l i t e  u n i t ,  a m idd le  c a r b o n a te - r i c h  u n i t ,  
and an upper green a r g i l l i t e  u n i t .  The base o f  the  M issou la  Group 
was placed " a t  the beg inn ing  o f  the  pu re r  q u a r t z i t e  beds" a t  the 
base o f  the S t r ip e d  Peak Formation.
2) C la rk  Fork Quadrangle, Idaho, a f t e r  H arr ison  and Job in  (1963) .  
The Wallace was subduvided i n t o  f i v e  in fo rm a l  members: 1) a lower  
ca lcareous member, 2) lower a r g i l l i t e  member, 3) l im e s to n e ,  s i l t i t e  
and a r g i l l i t e  member, 4) upper ca lcareous member, and 5) lam ina ted  
a r g i l l i t e  and s i l t i t e  member. The S t r ip e d  Peak was a ls o  subd iv ided  
in to  members.
3) L ibby Quadrangle, Montana, a f t e r  Gibson (1948).  The Wallace 
was not d i f f e r e n t i a t e d ,  a l though  red beds were noted in  the  "upper 
t h i r d "  in  some p a r ts  o f  the area. The base o f  the  M issou la  Group 
was placed a t  the lowermost red q u a r t z i t e  o f  the S t r ip e d  Peak 
Fo rm a t ion .
4) Ural Area, P u rce l l  M ts . ,  Montana, adapted from Johns (1961) 
and Sheldon (1961).  The Wallace ( o r i g i n a l l y  termed "P iegan")
was considered to  possess th ree  s u b u n i ts :  1) a basal green a r g i l l i t e  
u n i t ,  2) a midd le  molar to o th  carbonate u n i t ,  and 3) an upper green 
a r g i l l i t e  u n i t .  Johns b e l ieved  the Snowslip to  be absent .  The 
P u rce l l  lava is  l o c a l l y  p re se n t ,  and Sheldon cons idered  the  u n i t  
o v e r l y in g  the lava in the Rexford area to  belong to  the  Shepard 
Formation. Johns be l ieved  the Mount Sh ie lds  ( o r i g i n a l l y  termed 
" K i n t l a " )  to  be n o n c o r r e la t i v e  w i th  the base o f  the  S t r ip e d  Peak 
in  the L ibby area and put the base o f  the Missou la  Group a t  the  
base o f  the P u rce l l  lava .
5) U h i t e f i s h  Ranges, adapted from Smith (1963) Johns (1970) and 
Harr ison  (1972).  The Helena ( o r i g i n a l l y  "S iye h " )  i s  s i m i l a r  t o  the 
midd le  Wallace o f  the Ural area. The Snowsl ip ,  P u rc e l l  l a v a ,  
Shepard, and Mount Sh ie lds  c o n s t i t u t e  the  lower M issoula Group.
6) Southern M iss ion  M ts . ,  Montana, a f t e r  H ar r ison  e t  a l .  (1969).  
A l though the P u rc e l l  lava i s  absent ,  Snowsl ip ,  Shepard and Mount 
Sh ie lds  are present  as mappable u n i t s .  The lower c o n ta c t  o f  the 
Shepard was placed a t  the base o f  green c a rb o n a t ic  s i l t i t e -  
a r g i l l i t e  beds which u n d e r l i e  a u n i t  c o n ta in in g  molar  t o o th  o r  
s t r o m a t o l i t e - b e a r in g  carbonates.
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are broad and open. I l in o r  drag fo ld s  and fo ld s  re la te d  to  f a u l t s  are 
common, but do not e f f e c t  t h i s  study to  any major ex ten t .
As can be seen from Figure 5, b lock f a u l t s  in  the area are numerous. 
Most have a n o r th w e s te r ly  to n o r th e r l y  t re n d ,  but one se t  t rends to  the 
no r theas t .  Some o f  the f a u l t s  may be o f  l a t e  Precambrian age, (see 
King e t  a l . ,  1970, and Harr ison et  a l . ,  1972), but most o f  the f a u l t i n g  
was probably Phanerozoic, r e la te d  to the in t r u s io n  o f  the Kaniksu 
b a t h o l i t h  o r  any one o f  the erogenic events which in f luenced the C o r d i l l e ra  
Phanerozoic f a u l t i n g  has been we l l  documented in the St.  Joe area*, Idaho, 
by Reid and Greenwood (1968),  and in  the Pend O r e i l l e  area, Idaho, by 
Harr ison e t  a l . (1972).
The major s t r u c tu r a l  fe a tu re  in the region is  the Hope f a u l t ,  a 
normal and s t r i k e - s l i p  f a u l t  th a t  s t r i k e s  northwest and d ips s teep ly  to  
the southwest. I t s  t race  is  to p o g ra p h ic a l ly  expressed as the v a l le y  o f  
the C lark Fork R iver  and forms a s t r i k i n g  scarp along the eastern v a l le y  
w a l l .  According to Harr ison and Jobin (1963, p. 28),  the apparent 
h o r izo n ta l  d isplacement in  the C lark Fork area is  about 25 km, and the 
t ru e  s t r i k e - s l i p ,  as est imated by matching the geometry o f  fo ld s  across 
the f a u l t ,  is  probably c lo s e r  to 12 km. The apparent d i p - s l i p  is  about 
6 km down on the south b lock ,  the t ru e  d i p - s l i p  component being 
d i f f i c u l t  to  es t imate .
The t ime o f  the ince p t io n  o f  the Hope f a u l t  is  not we l l  documented. 
Harr ison e t  a l .  (1972, p. 5) c i t e  evidence t h a t  the Hope f a u l t  may have 
c o n t ro l l e d  the in t r u s io n  o f  the Purce l l  s i l l s  in  the Pend O r e i l l e  area.
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I f  so, then the f a u l t  could have been in ex is tence  as e a r l y  as 870 m.y.
That much o f  the displacement along the f a u l t  i s  Phanerozoic is  f a i r l y  
c e r ta in .  Where the Hope f a u l t  in te rs e c ts  the Purce l l  t rench in  the 
Pend O r ie l  le  area, Harr ison e t  a l .  (1972, p. 10),  have presented good 
evidence f o r  a 4 to  6 km r i g h t  l a t e r a l  o f f s e t  which occurred in the l a t e  
Cretaceous-ear ly  T e r t i a r y .  Pardee (1950, p. 399) considers the perched 
uplands on the oppos i te  sides o f  the f a u l t  to  represent a l a t e  T e r t i a r y  
"penep la in " ,  the southern s ide (Coeur d 'A lene Mountains) downthrown about 
1600 m. Judging from the depth to which eros ion deepened the v a l l e y ,
Pardee estimated th a t  the l a t e s t  movement occurred not l a t e r  than e a r ly  
P le is tocene.
Several t h r u s t  f a u l t s  have been mapped on the 'Wal lace 2 °  Sheet, 
however, the d e t a i l s  concerning the te c to n ic  s ig n i f i c a n c e  o f  these 
s t ru c tu re s  are as o f  t h i s  w r i t i n g  not we l l  understood. The most prominent 
th ru s ts  in  the area occur north  o f  the Hope F a u l t ,  extend northward f o r  
roughly  20 km, and pass through the hinge l in e s  or  west fac ing  l imbs o f  
t i g h t l y  fo lded  nor th  p lunging a n t i c l i n e s .  According to  Harrison e t  a l .  
(1974, p. 13), t h i s  type o f  s t ru c tu re  re su l ted  from an eastward d i re c te d  
s t ress  which f i r s t  compressed g e n t ly  fo lded  rocks in to  fo ld s  w i th  a t i g h t e r  
geometry and then l a t e r  caused the rocks to shear r e s u l t i n g  in t h ru s t s .
The s t ress  may have re s u l te d  from r i g h t - l a t e r a l  s l i p  along the Hope and 
St. Mary's Fau l ts  which caused the b lock nor th  o f  these f a u l t s  to r o ta te  
counterc lockw ise  aga ins t  the more r i g i d  b lock to the south. Harrison
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est imates the t o t a l  measurable c r y s ta l  shorten ing on these th ru s ts  
and associa ted fo ld s  is  probably on ly  a few k i lom e te rs .
Present Study
In the absence o f  a b i o s t r a t i g r a p h ic  framework B e l t  rocks are 
c o r re la te d  by matching homotaxial sequences o f  " rock types" which are 
based on g ra in  s iz e ,  t e x tu r e ,  sedimentary s t ru c tu re s ,  m inera logy,  and 
c o lo r  (Winston, 1973, p. 210). Rock types in the Missoula Group not on ly  
demarcate 1i t h o s t r a t i g r a p h i c  u n i t s ,  but a lso c lo s e ly  correspond to  
g e n e t i c a l l y  def ined sedimentary fa c ie s .
A t o t a l  o f  eleven sec t ions  were descr ibed and measured (see Appendix 
I I I ) .  Some o f  the sect ions c o n s t i t u te d  on ly  a p o r t io n  o f  a t o t a l  fo rmat ion  
o r  u n i t  th ickness ,  hence segments were l a t e r  in teg ra ted  in to  f i v e  major 
sect ions t o t a l i n g  about 700 meters s t r a t i g r a p h ie  th ickness .  Most sec t ion  
l o c a l i t i e s  l i e  roughly  along a NW-SE t rend ing  l i n e ,  (F ig .  2) .
Slabs were cut in o rder  to  observe sedimentary s t ru c tu re s  in  more 
d e t a i l .  Approximately  45 t h in  sec t ions  were examined, but due to  the 
f i n e  g ra in  s ize  o f  the rocks ,  the r e s u l t s  y ie lded  main ly t e x tu ra l  i n ­
fo rm a t ion .  Grain and m a t r ix  m ine ra lo g ica l  percentages were determined 
using the se m iq u a n t i ta t ive  x - ra y  a na lys is  technique o f  Harrison and 
Grimes (1970). Eighteen samples were analyzed; a lthough the number o f  
samples is  meager, those analyzed are thought to  be rep re se n ta t ive  
enough to  a l low  some general observa t ions  and i n t e r p r e t a t i o n s .  Results  
and d e t a i l s  o f  the technique are given in  Appendix I .
CHAPTER I I
ROCK TYPES: DESCRIPTIONS AND INTERPRETATIONS
General Statement
Maxwell and Mower (1973) show t h a t  the upper Wallace in  the 
Pend O r e i l l e  Lake area has been metamorphosed to a grade which is  
probably in  the c h l o r i t e  zone o f  the lower g reensch is t  fa c ie s .
Equiva lent s t ra ta  20 km southeast o f  Pend O r e i l l e  are probably  o f  a 
s im i l a r  grade. The metamorphism has a l te re d  the o r ig in a l  minera logy o f  
the sediments somewhat, but i t s  e f f e c t s  on sedimentary s t ru c tu re s  and 
tex tu res  has been m in im a l .
As was mentioned p re v io u s ly ,  rock types are de l inea ted  according to  
the fo l lo w in g  p ro p e r t ie s  o r  c h a r a c t e r i s t i c s :  g ra in  s iz e ,  t e x tu re ,  
sedimentary s t ru c tu re s ,  minera logy and c o lo r .  L i t h o s t r a t i g r a p h i c  i n ­
t e r v a ls  based on the dominant rock type are used to  c o r re la te  rock se­
quences. Because sedimentary environments can be in te rp re te d  f o r  each, 
rock types also de f ine  sedimentary fa c ie s .  Al though contacts  are every­
where g rada t iona l  and d i f fe re n c e s  can be somewhat s u b t le ,  f i v e  basic rock 
types are recognized in  t h i s  s tudy: 1) red -pu rp le  s i l t i t e - a r g i l l 1 te ,
2) te r r igenous  green si 1t i t e - a r g i 11i t e ,  3) b lack s i l t i t e - a r g i l 1i te ,  4) 
d o lo n i i t i c  green a r g i l l i t e - s i l t i  t e ,  and 5) molar too th  carbonate.
2 0
21
Terminology
Although the term " a r g i l l i t e "  fo rm a l l y  encompasses rocks der ived 
e i t h e r  from s i l t s t o n e  o r  c lays tone  (Am. Geo l . I n s t . ,  1974, p. 37) t h i s  
study adopts the B e l t ia n  te rm ino logy o f  Harr ison and Campbell (1963, 
p. 1416) which proposes the term " s i l t i t e "  be used f o r  the low grade 
metamorphic equ iva le n t  o f  s i l t s t o n e  and the term " a r g i l l i t e "  f o r  the low 
grade e qu iva len t  o f  c lays tone .  Most l i t h o l o g i e s  in t h i s  s tudy,  however, 
are "coup le ted " ,  i . e . ,  they co n s is t  o f  s i l t y  laye rs  w i th  sharp bases tha t  
grade upward to c layey la y e rs .  For the purposes o f  t h i s  s tudy ,  a ' s i l t i t e -  
a r g i l  l i  te "  l i t h o l o g y  denotes rocks in  which the s i l t i t e  lam ina t ions  are 
on the average t h i c k e r  than the a r g i l l i t e  lam ina t ions .  Conversely, an 
" a r g i l l i t e - s i l t i te "  has a r g i l l i t e  lam ina t ions  equal to  o r  t h i c k e r  than the 
s i l t i t e  lam ina t ions .
The te rm ino logy used to express the lam ina t ion  th ickness o r  la y e r  
th ickness is  as fo l lo w s :  1) very f i n e l y  couple ted o r  "paper t h i n " :
lam ina t ions  less than 1 mm, 2) f i n e l y  couple ted: lam ina t ions  1 mm to  
.5 cm, 3) medium couple ted:  lam ina t ions  .5 cm to 1 cm, 4) coarse ly  
coup le ted:  layers 1 cm to  3 cm and 5) very coarse ly  coupleted or  
in terbedded: layers  g rea te r  than 3 cm.
Red-Purple Si 1t i t e - A r g i 11i te  Rock Type
General D e s c r ip t io n . The red -pu rp le  s i 1t i t e - a r g i 11i te rock type 
co ns is ts  o f  medium couple ted to coarse ly  interbedded (up to  2 m) s i l t i t e -  
a r g i l  l i  te and f i n e -g ra in e d  q u a r t z i t e - a r g i 11i te .  Interbedded s i l t i t e s  and 
q u a r t z i t e s  are ge n e ra l ly  h o r i z o n t a l l y  laminated but some have small one
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to  5 cm ta n g e n t ia l  crossbeds o r  r i p p le  c ro ss - la m in a t io n s .  A r g i l l i t e  
lam ina t ions  are a lso most ly  p lana r ,  however, many surfaces are covered 
w i th  s t r a i g h t  o r  sinuous crested asymmetrical r i p p le s  and de s icca t ion  
cracks (F ig .  7) .  Flow ca s ts ,  c u r re n t  l i n e a t i o n ,  and ra indrop  impressions 
are ra re .  L e n t i c u la r  and f l a s e r  bedding occurs l o c a l l y .  Sometimes 
p lanar  scour surfaces are d isce rnab le  and h o r i z o n ta l l y  imbr ica ted mud- 
c la s ts  enclosed in  s i l t i t e  are very abundant (F ig .  8 ) .  The rocks are 
mostly  micaceous and pu rp le -co lo re d  beds commonly conta in  horizons w i th  
conspicuous (up to  3 mm) euhedral magnet ite c r y s ta l s .
Red-purple beds in  many places i n t e r f i n g e r  w i th  te rr igenous  green beds 
Units  co n s is t in g  predominant ly  o f  the re d -pu rp le  rock type are t r a n s i ­
t io n a l  to u n i ts  o f  the te r r igenous  green rock type.
Texture and M ine ra logy . Thin sec t ions  o f  coupleted s i l t i t e - a r g i l 1i te 
reveal lam inat ions o f  well  sor ted s i l t  t h a t  grade upward i n to  lam inat ions 
o f  c la y ,  the top surfaces o f  which sometimes have small f lame s t ru c tu r e s ,  
(F ig .  9) .  Planar bedded s i l t i t e s  and q u a r t z i t e s  are g e ne ra l ly  wel l  
sor ted and sometimes show sub t le  graded bedding. Where the bases o f  
s i l t i t e  laye rs  are scoured, graded bedding i s  absent and mud c la s ts  are 
commonly incorpora ted  in the s i l t i t e .
Quartz is  abundant in  s i l t i t e s  and q u a r t z i t e s ,  account ing f o r  
approx imate ly  60 percent o f  the t o t a l  g ra in s .  About h a l f  o f  the quartz  
occurs as s l i g h t l y  undulose, subangular u n i t  g ra in s ;  the remainder o f  
the g ra ins  are p o l y c r y s t a l l i n e .  U n i t  g ra ins  o f  ve in  q u a r tz ,  r u t i l a t e d  
q u a r tz ,  and "pressure metamorphic qua r tz "  (see Fo lk ,  1968), occur in
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Figure 7. F lo a t  b lock o f  purp le  s i  1t i t e - a r g i l 11 te from 
the upper oa r t  o f  the Cabin Lake sec t ion  show­
ing de s icca t ion  cracks. Hammer is  29 cm. long
Figure 8. F loa t  b lock o f  purp le  s i l t i t e  showing
enclosed mud c la s t s ,  upper pa r t  o f  Verm i l ion  
Peak sub -sec t ion .
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Figure 9. Photomicrograph o f  purp le  s i l t i t e - a r g i l l i te  
showing f lame s t ru c tu re  and euhedral mag­
n e t i t e ,  (mt) ,  (13-703).
Figure 10. Medium to  coarse ly  coupleted green 
si 1t i t e - a r g i l 1i t e ,  (GC-360m).
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minor (<5%) q u a n t i t i e s .  Subangular f e ld s p a r  comprises 10 to  15 percent 
o f  the g ra ins .  Orthoc lase,  m ic ro c l in e ,  and a lb i t e - o l i g o c la s e  are p resent ,  
the r e l a t i v e  abundances among which are v a r ia b le .  Smaller  o r thoc lase  
gra ins are commonly h ig h ly  s e r i c i t i z e d .  D e t r i t a l  muscovite f lakes  
occur in q u a n t i t i e s  o f  up to  5 pe rcen t ,  and i l l i t e *  f i l l s  i n t e r s t i c e s  
toge ther  w i th  opaque m ine ra ls ,  small amounts o f  c h l o r i t e ,  and, in  ra re  
ins tances ,  c a l c i t e  or  do lomite .
A r g i l l i t e  lam ina t ions  in  couple ted l i t h o l o g i e s  are composed mostly  
o f  i l l i t e  and f i n e -g ra in e d  muscovite. The micas and c lays  are o r ie n ted  
p a r a l l e l  to  bedding, but where small m a tr ix -suppor ted  s i l t  g ra ins  are 
p resent ,  the muscovite and i l l i t e  f la ke s  wrap around the g ra ins .
The opaque mineral content  v a r ie s .  Red-colored rocks conta in  main ly  
f i n e l y  disseminated hemat i te ,  the volume percentage o f  which is  d i f f i c u l t  
to est imate .  Magnetite and p ink leucoxene c o n s t i t u te  as much as 5% 
o f  the t o t a l  minera logy in pu rp le -co lo red  l i t h o l o g i e s .  Leucoxene is  
present as d is c re te  g ra ins  and b lebs;  magnetite occurs in  euhedral 
c r y s ta l s  (F ig .  9) and in vein and i n t e r s t i t i a l  f i l l i n g s .
Diagenet ic  I n t e r p r e t a t i o n s . The occurrence o f  both red and green 
mud c la s ts  in  in d iv id u a l  laye rs  (see te r r igenous  green s i l t i t e - a r g i l l i t e  
rock type) is  good evidence t h a t  the c o lo r  o f  the sediments, o r  a t  le a s t  
the o x id a t io n  s ta te  o f  the i ro n  in  the sediments, was determined s h o r t l y  
a f t e r  d e p o s i t io n .  The hematite  in the red beds is  most l i k e l y  the r e s u l t
*The te7m ~ ~" i l l i te "  as used in  t h i s  study inc ludes a l l  c la y -s iz e d  10Â 
phases. Much o f  the " i l l i t e "  is  probably  phengite o r  f in e -g ra in e d  
s e r i c i t e .
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o f  dehydrat ion o f  o r i g i n a l l y  l i n i o n i t i c  muds. Leucoxene probably  formed 
by i n t r a s t r a t a l  a l t e r a t i o n  o f  d e t r i t a l  i lm e n i te  o r  r u t i l e .  The coarse 
g ra in  s ize  and euhedral o u t l i n e  o f  some magneti te suggests a l a t e  
d iagene t ic  o r  low grade metamorphic o r i g i n .  I t  may have resu l te d  from 
p a r t i a l  reduct ion  o f  f e r r i c  i ron  oxides by reducing s o lu t io n s  which 
migrated in to  the purp le  fa c ie s  from proximal green fa c ie s .  Another 
f a c t o r  to  be considered is  th a t  the purp le  fa c ie s  may have been p e r i o d i c a l l y  
submergent (see f o l lo w in g )  and the presence o f  sea water poss ib ly  lowered 
the p a r t i a l  pressure o f  oxygen in  the sediment, thus inducing magneti te  
fo rm a t ion ,  (see Garre ls  and Mackenzie, 1971, p. 151).
Environmental I n t e r p r e t a t i o n s . The occurrence o f  hemati te and 
magnetite bearing rocks w i th  des icca t io n  cracks ind ica tes  th a t  the 
sediments o f  the red-pu rp le  rock type were s u b a e r ia l l y  exposed f o r  periods 
o f  t ime. Th is ,  plus the occurrence o f  abundant mud c l a s t s ,  i n i t i a l l y  
persuaded the author to consider  th a t  t h i s  rock type might represent an 
i n t e r t i d a l  fa c ie s .  The t o t a l  absence o f  more d e f i n i t i v e  t i d e - r e l a t e d  
fe a tu re s ,  i . e . ,  t i d a l  channels,  t i d a l  r idges ,  herr ingbone c ross ­
s t r a t i f i c a t i o n ,  and o f fs h o re  b a r r i e r  bars re fu te s  t h i s ,  however, and 
suggests th a t  the e f f e c t s  o f  d iu rn a l  t i d e  a c t i v i t y  were minimal in 
forming a l l  o f  the rock types concerned.
The sediments o f  the red -pu rp le  rock type were probably l a i d  down 
on a leve l  almost fe a tu re le s s  mud f l a t  j u s t  border ing the B e l t  Sea. 
Sedimentologic  in f luences  in  t h i s  environment probably  inc luded both a 
combination o f  f l u v i a l ,  and (desp i te  the absence o f  t i d e s )  marine
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processes. High sea leve l  stands caused by storm t i d e s ,  se iches, o r  
s imply  prolonged wet per iods re su l te d  in  the p e r io d ic  f lo o d in g  o f  the 
mud f l a t s  w i th  tu rb id  marine waters. Suspended-load s e t t l i n g  o f  f i r s t  
s i l t  and l a t e r  mud created graded s i l t i t e - a r g i l l i t e  coup le ts .  Wave 
and cu r re n t  a c t i v i t y ,  e s p e c ia l l y  e f f e c t i v e  dur ing the r e t r e a t  and 
shoal ing o f  the f lo o d  waters ,  m od i f ied  these coup le ts  by forming 
s t r a ig h t - c re s te d  asymmetrical r i p p le s .  F laser  or l e n t i c u l a r  bedding may 
have o r ig in a te d  by waves and cu r ren ts  a l t e r n a t i n g  w i th  s lack -wa ter  per iods
A f t e r  the r e t r e a t  o f  marine waters from the mud f l a t ,  the sediments 
were desiccated and sub jec t  to  sub -ae r ia l  processes. T o r r e n t ia l  ra ins  
may have caused sheet wash f loods  which eroded the d r ied  mud producing 
the h o r i z o n ta l l y  imbr ica ted mud c la s t s .  Shallow sheet f loods may have 
c a r r ie d  s i l t  and f i n e  sand in  the upper f low  regime spreading i t  h o r i ­
z o n ta l l y  over a broad area. As cu r ren ts  waned and water depth decreased, 
cm scale r i p p le  cross- laminations may have been formed. Centimeter scale 
ta ng e n t ia l  crossbed sets may represent  small bars formed in  d i s t r i b u t a r y  
r i v u l e t s .  F l u v i a l l y  dominated environments are more ev iden t  in red beds 
where a r g i l l i t e  is  sparser and where the o x id a t io n  o f  i ron  i s  more 
ev iden t .
A s im i l a r  modern sedimentary environment i s  located in the " d i s ta l  
fan environment"  o f  the Gum Hollow fan d e l ta  a t  Neuces Bay, Texas 
(McGowan, 1971, p. 23-24).
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Terr igenous Green Si 1t i t e - A r g i l l 1 te Rock Type
General D e s c r ip t io n . The te r r igenous  green s i l t i t e - a r g i l l i t e  rock 
type is  f i n e l y  coupleted to  coarse ly  interbedded (F igs .  10, 11, 12).
Medium to coarse ly  coupleted s i l t i t e - a r g i l 1i t e  is  the dominant l i t h o l o g y ;  
f i n e  to medium coupleted a r g i l l i t e - s i l t i t e  is  minor.  Tabular in te rbeds 
o f  b locky,  gray,  s i l t i t e  o r  f in e -g ra in e d  q u a r t z i t e ,  3 to  100 cm in 
th ickness are present l o c a l l y  (F igs ,  11 and 12). Coarse-grained q u a r t z i t e s  
are ra re .
Bedding in  coupleted l i t h o l o g i e s  is  commonly p lanar  o r  s l i g h t l y  
wavy, but i n te r v a ls  up to 3 m in th ickness w i th  p r o l i f i c  l e n t i c u l a r  
bedding occur l o c a l l y .  S t ra ig h t -c re s te d  o r  sinuous asymmetrical r i p p le s ,  
symmetrical r i p p le s ,  and in te r fe re n c e  r ip p le s  are common, as are water 
escape s t ru c tu re s  and synaeresis cracks (see Fig. 13 and White 1961;
Burs t ,  1965). Penecontemporaneous deformation s t ru c tu re s  are common and 
inc lude  load s t ru c tu re s ,  b a l l  and p i l l o w  s t ru c tu re s ,  sedimentary boudinage, 
and convolute bedding (F igs .  14, 15, 16). Green mud c la s ts  enclosed in  
s i l t i t e  occur l o c a l l y  and some are mixed w i th  purp le  mud c la s t s .
Des iccat ion  cracks are subord inate .  "Pseudochannels" (see page 33 and 
a lso Granger and Raup, 1959, p. 437) are common where te rr igenous green 
beds are proximal to  u n i ts  o f  b lack s i l t i t e - a r g i l l i t e ,  e s p e c ia l l y  in  the 
Big Hole Peak and Verm i l ion  Peak sec t ions  (F ig .  16).
Blocky s i l t i t e  in te rbeds appear e i t h e r  massive o r  f i n e l y  h o r i z o n t a l l y  
laminated in  the f i e l d ,  and on ly  the uppermost par ts  o f  some are r i p p le  
c ross- lam ina ted .  Many beds show the e f f e c t s  o f  load ing and compaction.
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Figure 11. Blocky s i l t i t e  in te rbed  sandwiched between 
green a r g i l l i t e - s i l t i t e .  Bedding i s  over ­
tu rned,  (GC-315m).
F igure 12. M e te r - th ic k  b locky s i l t i t e  bed between 
green s i l t i t e - a r g i l l i t e ,  (DG-70m).
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Figure 13. Synaeresis cracks in  green s i l t i t e -  
a rg i  11 i t e ,  (VP-690m).
Figure 14, Sedimentary boudinage in  green s i l t i t e -  
a r g i l l  i t e ,  (CL-580m).
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Figure 15. Ball  and p i l l o w  s t ru c tu re  (? loaded 
channe l) ,  (DG-lSOm).
' \  #
Figure 16. F loa t  d is p la y in g  load cast  (middle)  and 
pseudochannel cas ts ,  (BHT-840m).
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Coarse-grained q u a r t z i t e s  occur in  3 to  5 cm -th ick  trough-crossbedded 
l e n t i c u l a r  bodies and are present on ly  in the M ar t in  Creek se c t ion  where 
they f i r s t  appear j u s t  above the top o f  a black s i l t i t e - a r g i l l i t e  u n i t ,  
(see Chapter I I I  and Appendix I I I ) .
Terr igenous green beds are in  places v i s i b l y  micaceous, e s p e c ia l l y  
where proximate to red -pu rp le  s t r a t a .  P y r i t e  cubes, up to  3 cm in  s iz e ,  
are common in  many hor izons.
Terr igenous green beds are the most re c u r re n t  rock type. They 
have been observed to  i n t e r f i n g e r  w i th ,  o r  be t r a n s i t i o n a l  t o ,  a l l  o the r  
rock types in  t h i s  study.
Texture and M ine ra logy . Thin sec t ions  o f  f i n e  to  coarse ly  couple ted 
s i l t i t e - a r g i l l i t e  and a r g i l l i t e - s i l t i t e  reveal grading s im i l a r  to  t h a t  
present in  the red -pu rp le  rock type ,  except t h a t  they are on the average 
b e t t e r  de f ined .  Cut s labs o f  le n t icu la r -b e d d e d  rocks show f i n e  c ross ­
lam ina t ions  in  s i l t i t e  lenses.
Cut s labs and t h in  sec t ions  from 3 to 10 cm th i c k  "massive" s i l t i t e s  
o r  q u a r t z i t e s  reveal e i t h e r  graded bedding, o r  c l imb ing  r ip p le s  from top 
to bottom. Successive samples from the base to  the top o f  t h i c k e r  (10 
to 100 cm) in te rbeds show t h a t  some beds are graded and th a t  o thers  are 
h o r i z o n t a l l y  laminated.
Pseudochannels (F ig .  16) are p e c u l ia r  s t ru c tu re s  which have the 
th ree  dimensional form o f  small channels ,  most ly  3 cm deep and 2 cm wide. 
The channels are f i l l e d  w i th  s i l t i t e ,  however the enc los ing  a rg i l la c e o u s  
laminae appear to wrap around the channel r a th e r  than be t runca ted  by i t .
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Cut s labs reveal h o r iz o n ta l  lam ina t ions  in the bottom o f  the channels 
which pass upward in to  cen t imeter  sca le  trough c ro ss - la m in a t io n s .
In c o n t ra s t  to  o the r  l i t h o l o g i e s ,  d e t r i t a l  g ra ins  in  coarse t rough-  
crossbedded q u a r t z i t e s  from the M ar t in  Creek area are rounded ra th e r  than 
Subangular. So r t ing  is  good to moderate.
The mineralogy in  the s i l t  and sand s ized f r a c t i o n  o f  the t e r r i g ­
enous green rock type is  s im i l a r  to  t h a t  o f  the re d -p u rp le  rock type.
The c la y  m inera logy ,  however, d i f f e r s  to  the degree t h a t  c h l o r i t e  is  more 
abundant than i l l i t e .  I t  i s  c h l o r i t e  plus green i l l i t e  (? phengite)  
which i s  respons ib le  f o r  the c o lo r a t io n  o f  these rocks.
Leucoxene is  perhaps the most abundant opaque m in e ra l ,  but euhedral 
p y r i t e  is  abundant in samples from some hor izons .  Euhedral magneti te 
was noted in  samples taken from s t ra ta  which were proximal to  purp le  
beds.
D iagenet ic  I n t e r p r e t a t i o n s . Ferrous i ro n  is  an important  elemental 
c o n s t i t u e n t  in  most g reen-co lo red  c h l o r i t e s .  T h is ,  p lus the occurrence 
o f  p y r i t e  and absence o f  hemat i te ,  is  good evidence f o r  a chem ica l ly  
reducing de po s i t io n a l  or  d ia gene t ic  environment.
The occurrence o f  c h l o r i t e  and i l l i t e  coupled w i th  the high degree 
o f  a l t e r a t i o n  o f  the o r th oc la se  suggests th a t  the o r i g i n a l  c lay  
minera logy was s m e c t i t i c .  Diagenesis may have fo l lowed  the reac t ion  
in te rp r e te d  by Hower e t  a l .  (1976):
mixed la y e r  s m e c t i te / i  11i t e  + K - s p a r i l l i t e  + c h l o r i t e  + quartz
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Environmental I n t e r p r e t a t i o n s , The abundance o f  synaeresis  cracks 
and water escape s t ru c tu re s  as we l l  as the reduced s ta te  o f  the i ro n  in  
these rocks is  evidence f o r  extended per iods o f  water cover. The g rea te r  
abundance o f  a r g i l l i t e  lam ina t ions  and b e t t e r  de f ined grading in  the 
coup le ts  r e f l e c t s  a h igher  tendency f o r  suspended-load d e p os i t ion .  
S t r a ig h t  c res ted  assymetr ic  cu r re n t  and in te r fe re n c e  r ip p le s  are probably 
i n d i c a t i v e  o f  gen t le  breaking waves. Symmetrical r ip p le s  may have re ­
su l te d  from swe l ls  o r  from wave o s c i l l a t i o n  in  standing water.  Wave 
or  c u r re n t  a c t i v i t y  was c e r t a i n l y  v a r ia b le ,  as evidenced by the presence 
o f  l e n t i c u l a r  bedding and in te r fe re n c e  r i p p le s .
During per iods o f  high te r r ig en o us  i n f l u x  and/or  h igh wave a c t i v i t y  
sed imentat ion in the green fa c ie s  takes on a d i f f e r e n t  aspect. In the 
nearshore areas, constan t  rework ing o f  bottom sediments by waves formed 
sequences o f  r i p p le  c ross- lam ina ted  s i l t s  which were l a t e r  covered w i th  
mud a f t e r  cu r ren ts  waned. Areas f u r t h e r  o f fsh o re  were inundated by 
t u r b i d i t y  cu r ren ts  which could have o r ig in a te d  e i t h e r  due to  sheet f lo o d  
i n f l u x  from the co n t in e n ta l  areas o r  by nearshore wave a c t i v i t y  which 
c a r r ie d  t u r b id  water seaward in  the backswash. S i l t i t e  o r  f in e -g ra in e d  
q u a r t z i t e  beds were depos i ted ,  some by s in g le  surges o f  sediment i n f l u x ,  
o thers  by m u l t i p le  episodes o f  sediment i n f l u x ,  wave rework ing ,  and l a t e r  
quiescence accompanied by suspended-load s e t t l i n g .  Longshore cu r ren ts  
may have c a r r ie d  sands in  t r a c t i o n  load, account ing f o r  the small t rough-  
crossbedded q u a r t z i t e  bodies.
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Pseudochannels must have accommodated bottom cu r re n ts  a t  one t ime 
as evidenced by the occurrence o f  c r o s s - s t r a t i f i c a t i o n .  These fea tu res  
may be channel f i l l i n g s  which have s ince been deformed by load inn  and 
compaction. T h e i r  o r i g i n  may a lso  be s im i l a r  to  t h a t  pos tu la ted  f o r  
deep-sea channels o f  the "d ep o s i t io n a l  type"  (Nelson and Kuhn, 1973, 
p. 44-45) in  which t u r b i d i t y  cu r ren ts  are thought  to  spread layers  o f  
sediment over p re e x is t in g  channeled topography, the laye rs  conforming 
to  the geometry o f  the channels. They may represent  small scale  
vers ions o f  "s lope g u l l i e s "  (Shepard and D i l l ,  1966, p. 243) and acted 
as feeders f o r  t u r b i d i t y  cu r ren ts  which swept from the nearshore areas 
o f  the green fa c ie s  out i n to  the deeper, more d i s t a l  areas o f  the b lack 
s i l t i t e - a r g i l l i t e  f a c ie s .
In summary, the te r r igenous  green s i l t i t e - a r g i 11i t e  rock type com­
p r ise s  a fa c ie s  which r e f l e c t s  a dominant ly  submarine, shal low water 
environment o f  h igher  te r r igenous  i n f l u x  and a l t e r n a t i v e  wave/current  
energy. Where t r a n s i t i o n a l  to the re d -pu rp le  rock type i t  represents the 
nearshore environment o f  sea margin f l a t s .  Where t r a n s i t i o n a l  to  the 
b lack s i l t i t e - a r g i 11i t e  rock type ,  i t  represents an ou te r  s h e l f  e n v i ron ­
ment, probably  s im i l a r  to  a d e l t a i c  p la t fo rm .
Black S i l t i t e - A r g i l l i t e  Rock Type
General D e s c r ip t io n . The b lack s i l t i t e - a r g i 11i te  rock type cons is ts  
o f  u n i t s  o f  s i l t i t e  o r  si 1t i t e - a r g i 11i te  which a l t e r n a te  w i th  u n i t s  o f  
a r g i l l i t e - s i l t i t e  a t  a scale ranging from 3 cm to  200 cm. Couplets in
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Figure 17. Sof t -sed iment fo ld s  in b lack  s i l t i t e -  
a r g i l l  i t e ,  (SF-708m)
&
Figure 18. Black a r g i l l i t e - s i l t i t e  showing paper- 
t h in  p lanar  and cm scale l e n t i c u l a r  
bedding, (VP-350m).
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a r g i l l i t e - s i l t i t e  are paper t h in  to coarse and are in te rspe rsed  w i th  
t a b u la r  gray s i l t i t e  beds commonly 10 to  20 cm t h i c k .  Penecontemporaneous 
deformat ion s t ru c tu re s  are abundant (F ig .  17).  Pseudochannels, l e n t i c u l a r  
bedding (F ig .  18),  and water escape s t r u c tu r e  are present l o c a l l y .
R ipple  marks, c r o s s - s t r a t i f i c a t i o n ,  and mud c la s ts  are a l l  but absent. 
S i l t i t e s  are l o c a l l y  micaceous. Horizons con ta in in g  p y r i t e  cubes occur 
s p o ra d ic a l l y  throughout most u n i t s .  Where p y r i t e  i s  e s p e c ia l l y  abundant 
o x id a t io n  co lo rs  weathered surfaces tan or  r u s ty  brown.
The b lack s i 1t i t e - a r g i 11i te  rock type i s  t r a n s i t i o n a l  to  the t e r r i ­
genous green rock type ,  however, the l a t t e r  may be s l i g h t l y  d o lo m i t i c  in  
some se c t io ns ,  (e .g .  Mar t in  Creek).
Texture and M ine ra logy . Cut slabs o f  s i l t i t e  in te rbeds reveal sub t le  
graded bedding and sometimes crude Bouma sequences ( d iv i s io n s  A, C, and 
E, Bouma, 1962, p. 49),  on the scale o f  10 cm. Thin sec t ions  sometimes 
show randomly o r ie n te d  mica f la k e s  (F ig ,  19).
Couplets are t y p i c a l l y  graded (F ig .  20).  A rg i l la ce ou s  lam ina t ions  
are s im i l a r  m in e ra lo g ic a l l y  to  those o f  the te r r igenous  green beds except 
th a t  they con ta in  organ ic  carbon in  a d d i t io n  to i l l i t e ,  c h l o r i t e ,  and 
d e t r i t a l  muscovite. The carbon appears as an opaque black o r  brown 
substance which forms d iscon t inuous s t r i n g e r s  o r  l e n t i c l e s  o f  va r ia b le  
leng th  and 5 to 200 microns th ickness .  These l e n t i c l e s  and s t r i n g e r s  are 
sca t te re d  th roughout the a r g i l l i t e  lam ina t ions  and commonly inco rpo ra te  
small c lu s te r s  o f  20 micron p y r i t e  c r y s ta l s  o r  hemati te pseudormosphs
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Figure 19. Photomicrograph showing randomly o r ien te d  
mica f la k e s  in  gray s i l t i t e ,  (4 -3 ) .
F igure 20. Photomicrograph showing graded couple ts  in  
b lack s i l t i t e - a r g i l l i t e ,  (20-380).
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Figure 21. Photomicrograph showing carbon laminae 
wrapping around s i l t  g ra in s ,  (20-380).
Figure 22. Photomicrograph showing mm sca le  b a l l
and p i l l o w  s t r u c tu r e  and con to r ted  bedding, 
(W-5) .
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a f t e r  p y r i t e .  On a lo c a l i z e d  m ic ron-s ized  sca le  the carbon s t r in g e rs  
are p a r a l l e l  to  bedding o r  wrap around s i l t  g ra ins  as do the c la y  laminae 
(F ig .  21).  On a l a r g e r  m i l l im e t e r - s i z e d  sca le  these carbon s t r i n g e r s  
and c lays  commonly te rm ina te  a b ru p t ly  aga ins t  patches o f  s i l t  o r  they may 
wrap around s i l t  lenses (F ig ,  22).  The o v e ra l l  f a b r i c  i s  best described 
as f i n e l y  l e n t i c u l a r  and i t s  aspect is  s im i l a r  to  t h a t  i l l u s t r a t e d  by 
Holocene b lack sediments obta ined from d r i l l  cores from the Black Sea 
(M u l le r  and S t o f f e r ,  1974, p. 209).
A s in g le  o rgan ic  carbon a n a ly s is *  o f  a b lack a r g i l l i t e  lam ina t ion  
from the b lack u n i t  in  the Snowslip Formation y ie ld e d  .25 wt.% organic  
carbon, a value s i g n i f i c a n t l y  less than th a t  o f  most Phanerozoic black 
shales but c lose to  the mean percent o rganic  carbon c la cu la ted  f o r  the 
carbonaceous Nonesuch Shale o f  Precambrian age in  Michigan, (Vine and 
T o u r te lo t ,  1969, p. 21).  Otherwise the minera logy o f  the black beds is  
s im i l a r  to  t h a t  o f  the te r r igenous  green rock type w i th  the exception 
th a t  the average fe ld s p a r  content  is  g rea te r  by as much as 20% by volume.
D iagenet ic  I n t e r p r e t a t i o n s . The occurrence o f  p y r i t e  and perhaps
c h l o r i t e  is  i n d i c a t i v e  o f  a chem ica l ly  reducing depos i t iona l  or d iagene t ic  
environment.  In a d d i t i o n ,  the p rese rva t ion  o f  o rgan ic  carbon is  evidence 
f o r  d e p o s i t io n  under anaerobic  con d i t io ns  which prevented carbon o x id a t io n
Al though l e n t i c u l a r  f a b r i c  is  common in  black sha les ,  i t s  o r i g i n  is 
p o o r ly  understood. The small l e n t i c l e s  and s t r i n g e r s  may be carbonaceous
*Performed by G a lb ra i th  L a bo ra to r ie s ,  K n o x v i l le  Tennessee.
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coagulates formed by the po lym er iza t ion  o f  o rgan ic  m atte r  dur ing  d iagenesis 
(W e l le r ,  1959, p. 273 and Wetzel, 1975, p. 563). A l t e r n a t i v e l y ,  they may 
represent  the remains o f  a lga l  mat debr is  which was swept from nearshore 
areas and deposited and preserved in  a euxenic environment.  Gas and water 
re lease dur ing  d iagenesis  c e r t a i n l y  i s o la te d  some lam ina t ions  o f  carbon 
and c la y .  The small s i l t  lenses probably re su l ted  from compaction and 
load ing  processes. Some mm-sized lenses c l e a r l y  express the form o f  
small b a l l  and p i l l o w  s t ru c tu re s  (F ig ,  22),  This is  not s u rp r is in g  s ince 
black beds commonly d isp la y  these and re la te d  fea tu res  on a much la r g e r  
sca le .
Environmental I n t e r p r e t a t i o n s . The pauc i ty  o f  r i p p le  marks, the 
occurrence o f  micrograded, paper t h i n  s i 1t i t e - a r g i 11i te co up le ts ,  and 
the presence o f  o rgan ic  carbon in  a r g i l l i t e  i s  a l l  suggest ive o f  a sub- 
wave base euxenic sedimentary environment.  The black s i l t i t e - a r g i l 1i te  
rock type represents the most seaward fac ies  t r a c t  o f  the upper Wal lace- 
lower Missoula Group.
T u r b id i t y  cu r ren ts  which swept from the nearshore areas o f  the green 
fa c ie s  out i n to  the deeper pa r ts  o f  the B e l t  Sea deposi ted t h in  graded 
s i l t  laye rs  and sometimes t h i c k  t u r b i d i t e  beds. During periods o f  
stagnant water and low te r r igenous  i n f l u x ,  "blooms" o f  p lank ton ic  algae 
may have formed in  the upper water laye rs  and l a t e r  s e t t l e d ,  toge the r  
w i th  f i n e l y  suspended c lay  m ine ra ls ,  forming the dark ,  carbonaceous 
a r g i l l i t e  lam ina t ions  (see Huebschman, 1973, p. 697). Bottom waters were 
anaerobic and reduc ing;  s u l f a t e  reducing b a c te r ia  in the bottom sediments
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re leased H2 S which induced syngenetic  p y r i t e  fo rm a t ion .  A s im i l a r  
modern sedimentary environment is  found in  the deep-water bottom 
areas o f  the Black Sea (M u l le r  and S t o f f e r ,  1974).
Do lom i t ic  Green A r g i l l i t e - S i l t i  te  Rock Type
General D e s c r ip t io n . This  rock type is  in te rm ed ia te  between the 
te r r ig e no u s  green s i l t i t e - a r g i l l i t e  rock type and the molar too th  c a r ­
bonate rock type.  I t s  s a l i e n t  c h a r a c te r i s t i c s  inc lude  a r e l a t i v e l y  g rea te r  
abundance o f  a r g i l l i t e - s i l t i  te as opposed to  the green s i l t i t e -  
a r g i l l i t e  rock type ,  more l e n t i c u l a r  bedding, and an abundance o f  
symmetrical r i p p le s  and water escape s t ru c tu re s  (F igs .  23 and 24).  Graded 
in te rbeds o f  d o lo m i t i c  s i l t i t e  o r  f in e -g ra in e d  q u a r t z i t e  occur but are 
u s u a l ly  t h i n ,  less than 10 cm. A channel con ta in ing  coarse-gra ined 
d o lo m i t i c  q u a r t z i t e  v/as observed in  one sec t ion  (see Kismet Creek sub­
sec t ion  a t  M art in  Creek, Appendix I I I ) .  A rg i l laceous  l i t h o l o g i e s  are 
g e n e ra l ly  not macroscop ica l ly  micaceous but are commonly p y r i t i c .  Outcrop 
surfaces weather ta n ,  orange, o r  ru s ty  red, depending on the dolomite 
and p y r i t e  con ten t .
D o lom i t ic  green s t r a ta  u su a l ly  occupy the t r a n s i t i o n  from the 
te r r ig en o us  green s i l t i t e - a r g i l l i t e  rock type to  the molar too th  carbonate 
rock type.
Texture and M ine ra logy . H o r i z o n ta l l y  laminated beds o f  t h i s  rock 
type have graded s i l t i t e  to a r g i l l i t e  coup le ts  (F ig .  24).  L e n t i c u la r l y  
bedded rocks lack graded s i l t i t e  to  a r g i l l i t e  and c u t  slabs commonly 
reveal f i n e  r i p p le  c ross - la m in a t io ns  in  s i l t i t e  lenses.
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Figure 23. Symmetrical r ip p le s  in  f l o a t  b lock o f  
d o lo m i t i c  a r g i l l i t e - s i l t i  t e ,  (MB-330).
Figure 24. Photomicrograph showing graded s i l t i t e
lam ina t ion  and water escape s t ru c tu re  in 
d o lo m i t i c  a r g i l l i t e - s i l t i  te ,  (21-310).
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Figure 25. Photomicrograph showing re c ry s ta l  1i zed
o o l i t e  in  d o lo m i t i c  channel-sand q u a r t z i t e  
Mineralogy ind ica te d  as fo l lo w s :  ca,
c a l c i t e ;  do, do lom i te ;  ch, c h l o r i t e :  r q , 
r u t i l a t e d  quar tz .  (6 -74) .
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R e c r y s t a l l i zed o o l i t e s  and rounded mud c la s ts  occur in  one sample 
from a coarse-gra ined  channel sand (F ig .  25).  The o o l i t e s  have microspar 
c a l c i t e  cores w i th  r ims replaced by c h l o r i t e  o r  sparry  do lom i te .
The carbonate content  o f  d o lo m i t i c  green a r g i l l i t e - s i l t i  te ranges 
from approx imate ly  5% to  50%. Dolomite and c a l c i t e  commonly c o e x is t ;  
the do lomite  p ro p o r t io n  is  g re a te r  where the sheet s i l i c a t e  content  is  
h ighe r  (see next s e c t io n ) .  The minera logy o f  the a rg i l la ce ou s  lam ina t ions  
v a r ie s ;  some are composed almost e n t i r e l y  o f  microspar and o thers  are 
made up o f  predominant ly  c h l o r i t e ,  i l l i t e ,  and d e t r i t a l  muscovite.
Diagenet ic  I n t e r p r e t a t i o n s . The p rop o r t io n  o f  do lomite  to c a l c i t e  
increases as a l i n e a r  fu n c t io n  o f  the sheet s i l i c a t e  content (F ig .  26). 
Perhaps much o f  the do lomite  is  o f  l a t e  d iagene t ic  o r  low grade metamorphic 
o r i g i n  and much o f  the magnesium needed f o r  d o lo m i t i z a t io n  was der ived 
from magnesium-rich sm ec t i te .  Hower e t  a l .  (1976, p. 733), noted th a t  
the magnesium content o f  the <1.^ f r a c t i o n  decreases w i th  inc reas ing  
d iagene t ic  grade, the magnesium poss ib ly  being re leased from smect i te  
i n t e r l a y e r  s i t e s  and then being l o s t  to  s o lu t io n .  Magnesium released 
by t h i s  process could p o ss ib ly  account f o r  d o lo m i t i z a t io n  o f  o r i g in a l  
i n t e r s t i t i a l  c a l c i t e .  S im i la r  mechanisms have been proposed by Kahle (1965)
Environmental i n t e r p r e t a t i o n s . The occurrence o f  o o l i t e s  in  a channel 
sand is  conc lus ive  evidence th a t  the sediments were deposited sub- 
aqueously. The g re a te r  abundance o f  a r g i l l i t e  r e l a t i v e  to s i l t i t e  plus 
the occurrence o f  r e l a t i v e l y  more l e n t i c u l a r  bedding, symmetrical r i p p le s ,  
and water escape s t ru c tu re s  is  i n d i c a t i v e  o f  a sedimentary environment 
s i m i l a r  to  t h a t  o f  the te r r igenous  green fac ies  except t h a t  wave energy
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Figure 26. Plot of the ratio of dolomite to calcite vs.
the percentage of sheet silicates in carbonate- 
bearing rocks from the upper Wallace and lower 
Missoula Group. Mineralogical percentages det­
ermined by semiquantltative x-ray diffraction 
analysis. Upper point is considered anomalous.
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and/or  te r r igenous  i n f l u x  was lower.  The o r i g i n  o f  the carbonate is  
u n c e r ta in .  Pho tosyn the t ic  a c t i v i t y  by p la n k to n ic  algae may have induced 
c a l c i t e  p r e c i p i t a t i o n  by lower ing the o f  the sea wa te r ,  s im i l a r  to
c a l c i t e  p r e c i p i t a t i o n  in some modern f resh  water lakes. A l t e r n a t i v e l y ,  
the carbonate may be o f  c l a s t i c - b io g e n ic  o r i g i n ,  i . e . ,  i t  was p re c ip i ta te d  
by a lga l  a c t i v i t y  in  the environment o f  the molar too th  carbonate rock 
type and l a t e r  t ranspo r ted  by waves and/or  cu r ren ts  to  be deposited in  
the  environment o f  the d o lo m i t i c  a r g i l l i t e - s i l t i  te rock type (see next 
s e c t i o n ) .
Molar Tooth Carbonate Rock Type
General d e s c r i p t i o n . This rock type is  composed o f  v e r t i c a l  c y c l i c  
sequences o f  th ree  main ca lcareous l i t h o l o g i e s  which vary in th ickness .
The common v e r t i c a l  sequence is  as fo l lo w s :  1) coarse to  medium coupleted
d o lo m i t i c  a r g i l l i t e - s i l t i  te  o r  s i l t i t e - a r g i l l i t e  w i th  occasional c a l ­
careous s i l t i t e  and f in e -g ra in e d  q u a r t z i t e  in te rbeds up to  20 cm th ic k .  
Sedimentary s t ru c tu re s  inc lude cm scale trough c r o s s - s t r a t i f i c a t i o n ,  
symmetrical and asymmetrical r i p p l e s ,  synaeresis  c racks ,  and water escape 
s t r u c tu r e s ;  2) d o lo m i t i c  a r g i l l i t e - s i l t i  te w i th  “ h o r izo n ta l  pod s t ru c tu re s "  
and some "boxwork" (see d iscuss ion  below);  and 3) d o lo m i t i c  a r g i l l i t e -  
s i l t i t e  w i th  " v e r t i c a l  r ibbon s t ru c tu re s "  and some l a t e r a l l y - l i n k e d  
hemispheroid s t ro m a to l i te s  (Logan e t  a l . ,  1964) o f  the v a r ie t i e s  Col 1 enia 
undosa (W a lco t t ,  1914) and Col 1 enia symm etr ica  (Fenton and Fenton, 1937). 
U n i t  1 is  u s u a l ly  the t h i c k e s t ,  up to  10 m, u n i t  2 var ies  in  th ickness 
and is  h ig h ly  re c u r re n t ,  and u n i t  3 is  r e l a t i v e l y  t h i n ,  averaging about 
1 to  3 m.
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S i l t i tes and q u a r t z i t e s  are micaceous as well  as calcareous and 
d o lo m i t i c .  P y r i t e  is  u su a l ly  not v i s i b l e  in  outcrop but is  abundant in  
t h i n  se c t io n .  Outcrops weather tan ,  be ige, o r  orange.
Mo la r  to o th  s t r u c tu r e s -d e s c r ip t io n s  and i n t e r p r e t a t i o n s . The term 
"molar to o th  s t r u c tu r e "  was f i r s t  used by Bauerman (1885),  to  descr ibe 
p e c u l ia r  c a l c i t e  s t ru c tu re s  o f  the Siyeh Formation which he considered 
to  resemble the molar tee th  o f  e lephants.  Since then, O'Connor (1974) 
has c l a s s i f i e d  these s t ru c tu re s  according to  t h e i r  geometry. Although 
the re  are numerous v a r i a t i o n s ,  the re  are th ree basic  types: 1) v e r t i c a l
and h o r izo n ta l  r ibbon s t r u c tu r e s ,  2) v e r t i c a l  blob s t r u c tu r e s ,  and
3) h o r izon ta l  pod s t ru c tu re s .
Good examples o f  v e r t i c a l  b lob s t ru c tu re s  l i k e  those described by 
O'Connor are uncommon in the carbonate-bear ing rocks o f  t h i s  s tudy,  but 
v e r t i c a l  r ibbon s t ru c tu re s  are abundant. In outcrop the l a t t e r  appear 
as b lue -g ray  re ce ss ive ly  weathering microspar veins which crosscut en­
c lo s in g  green a r g i l l i t e  o r  the calcareous laminae o f  s t ro m a to l i t e s .  
Geom etr ica l ly  they appear as s u b -v e r t i c a l  and s u b -p a ra l le l  sheets th a t  
may in te r s e c t  to produce a three dimensional framework th a t  makes bedding 
surfaces appear synaeresis  cracked. The r ibbons are commonly sinuous 
and con to r ted  due to  s o f t  sediment deformat ion (Smith, 1968). The ir  
v e r t i c a l  he ights vary from 1 to 100 cm and they are mostly 2 to 4 mm 
t h i c k  a lthough some reach 3 cm. Fragments o f  r ibbons occur concentrated 
in  a few channel f i l l i n g s ,  suggest ing an e a r l y  near-sur face  o r i g i n  f o r  
the s t r u c tu r e s .
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X-ray d i f f r a c t i o n  a n a lys is  shows the carbonate o f  the r ibbons to 
be pure c a l c i t e .  Thin sec t ions  reveal 50 to  50 m ic ro s p a r i te  g ra ins  
which are u n i fo rm ly  po lygona l ,  c re a t in g  a sugary f a b r i c  which i s  unique 
to the r ibbons and to some c a l c i t e  lam ina t ions  in  s t ro m a to l i t e s  (F ig .  27).
Considerable con troversy  e x is t s  over the o r i g i n  o f  molar too th  
r ibbons .  Some workers have in te rp re te d  them as water escape s t ru c tu re s  
(Young and Long, 1977, p. 953) o r  d iagene t ic  segregat ions o f  c a l c i t e  
along shr inkage cracks (Fenton and Fenton, 1937, p. 1922). Eby (1975) 
c i t e s  evidence from the Helena Formation t h a t  they may be c a l c i t e  r e ­
placements o f  e v a po r i te s .  Others (Smith 1968: O'Connor 1974), have 
suggested th a t  they are o f  o rgan ic  o r i g i n .  Horodyski (1975) a t t r i b u t e s  
them to  p r e c i p i t a t i o n  o f  c a l c i t e  in  ta b u la r  open-space s t ru c tu re s  
coetaneous w i th  a major episode o f  neomorphic a c t i v i t y .  According to 
Horodyski ,  the o r i g i n  o f  the open-space s t ru c tu re s  may be m u l t i p le :  
some may have o r ig in a te d  as gas or  w a t e r - f i l l e d  vo ids ,  o thers may have 
been produced by shr inkage accompanying d e s ic c a t io n ,  d i s s o lu t io n  o f  
e va p o r i te  m ine ra ls ,  o r  the decomposit ion o f  o rgan ic  m atte r .  Whatever 
t h e i r  o r i g i n ,  they are probably  not replacements o f  evapor i tes  in  these 
rocks because the author  found no in d i c a t i o n  o f  evapor i tes  such as Eby 
found in the Helena Formation.
The most abundant o f  the s t ru c tu re s  assigned to  molar too th  in  the 
rocks o f  t h i s  study are h o r i z o n ta l  pods. In outcrop these appear as 
nodular  masses o f  b lue -g ray  microspar enclosed in d o lo m i t i c  green a r g i l l i t e
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Figure 27. Photomicrograph showing equant-grained 
microspar o f  a molar too th  r ibbon in  
con tac t  w i th  enc los ing  d o lo m i t i c  a r g i l l i t e
Figure 28. Planar laminated microspar and d o lo m i t i c  
a r g i l l i t e  ( h o r iz o n ta l  mat s t r u c t u r e ) ,  
(SF-1235m).
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The lam ina t ions  o f  the d o lo m i t i c  green a r g i l l i t e  are p a r a l l e l  to the 
long dimensions o f  pods and wrap around the edges o f  the pods. Most 
pods are e l l i p s o i d a l  in  shape but some are sub-spher ica l  o r  have a 
"p inch and w e l l "  c o n f ig u ra t io n .  The length  and w id th  o f  these s t ru c tu re s  
va r ie s  (see below) but they commonly average from 1 to  4 cm th i c k .  
Occasional pod s t ru c tu re s  pass in to  p lanar  bedded sheets o r  c a l c i t e  
(h o r iz o n ta l  mat s t r u c t u r e ,  see O'Connor, 1972), which are continuous 
f o r  up to  4 meters before passing i n to  pods once again (F ig .  28).  In 
rare instances pod s t ru c tu re s  are enclosed w i t h in  the calcareous lamina­
t io n s  o f  s t r o m a to l i t e s .  Many pods conta in  v e r t i c a l  "septa" o f  a r g i l l a ­
ceous m a t e r i a l , which, in  ou tc rop ,  protrudes above the microspar to  form 
what has been termed "boxwork" by some workers (Harr ison and Job in ,  1963, 
p. 18).
L ike r ibbon s t r u c tu r e s ,  h o r izo n ta l  pods are composed o f  c a l c i t e .
Thin sect ions show t h a t  the c h a r a c t e r i s t i c s  o f  the microspar in the pods 
d i f f e r  from those in the r ibbons .  The g ra in  s ize o f  the c a l c i t e  is  f a i r l y  
un i fo rm  w i t h in  any s in g le  pod but va r ies  from 10 to  40 from sample to 
sample. The c a l c i t e  g ra ins  are subequant and anhedra l.  A few pods 
conta in  h o r izo n ta l  lam ina t ions  o f  s i l t - s i z e d  quartz  and fe ld sp a r  g ra in s ,  
which are always near the base o f  the s t r u c tu r e .
Cut slabs and t h in  sec t ions  o f  h o r izo n ta l  pods w i th  "boxwork" are 
q u i te  re vea l ing .  The upper and lower surfaces a t  the con tac t  between 
the a r g i l l i t e  and the microspar are t y p i c a l l y  undu la to ry ,  a c h a r a c t e r i s t i c  
not always ev iden t  in  outcrop (F igs .  29, 30). Consevutive undu la t ions 
are separated by troughs o r  apexes which have a t i g h t e r  cross sec t ion
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and an o v e ra l l  "p inched" appearance. The pinches merge w i th  v e r t i c a l  
cracks o r  f i s s u re s  which pass through the e n t i r e  body o f  the pod. A 
few o f  the "c racks"  are f i l l e d  w i th  sparry  c a l c i t e ,  but commonly the 
a r g i l l i t e  enc los ing  the pod s t ru c tu re  wraps around the undu la t ions  and 
f i l l s  the pinches and cracks both from the top and the bottom, thus 
account ing f o r  the v e r t i c a l  "septa"  seen in outcrop (see Fig, 29).
Where h o r iz o n ta l  s i l t  lam ina t ions  are present in  the m icrospar,  they are 
deformed where they encounter these "sep ta " .
In th ree dimensions, h o r izo n ta l  pods w i th  boxwork appear as a se r ies  
o f  l a t e r a l l y  co in c id e n t  h o r izo n ta l  c y l in d e rs  w i th  ovoid cross sec t ions  
th a t  decrease in  diameter across the length  and wid th  o f  the pod (F ig .  30) 
The c y l i n d r i c a l  forms are s t r i k i n g l y  s im i l a r  to some "mull ion s t r u c tu r e s " ,  
f i r s t  described by Wilson (1953). Mull ion s t ru c tu re s  u su a l ly  form in 
metamorphic rocks by compressional s t r a i n  dur ing  fo ld in g  but s im i l a r  
s t ru c tu re s  can a lso be the r e s u l t  o f  i n c i p i e n t  boudinage fo rmat ion  
(see D e S i t te r ,  1956, p. 89; McCrossan, 1958, p. 316-320; and e s p e c ia l l y  
Ramsay, 1967, p. 103-109 and p. 384-386). That some o f  the shapes o f  the 
h o r izo n ta l  pods are due to the "boud in ing"  o f  competene calcareous 
beds between more d u c t i l e  layers  is  q u i te  c le a r .  Where pods are i n ­
corporated in so f t -sed im en t  f o l d s ,  the p o in t  o f  g rea te s t  cu rva tu re  in  
the fo ld s  d is p la y  cracks which have been i n f i l l e d  w i th  the encompassing 
a rg i l la ce o u s  sediment, demonstrat ing th a t  the carbonate had a r e l a t i v e l y  
h igher  competency e a r l y  in  i t s  ex is tence .  Pods o f  the sub-spher ica l  
v a r i e t y  show extreme "p inch and s w e l l " ,  a form t y p ic a l  o f  boudinage.
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Figure 29. Photomicrograph o f  upper surface o f  h o r i ­
zonta l pod w i th  "boxwork" showing d o lo m i t i c  
a r g i l l i t e  (da) i n f i l l i n g  a tens ion crack 
between microspar (ms), (9 -16) .
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dol omi  t i c  a r g i l l i t e
Figure 30. Profile of typical horizontal pod structure 
with “boxwork". Drawing is to scale.
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(Ramsay, 1969, p. 104). The "septa"  o f  boxwork s t ru c tu re s  are most 
l i k e l y  tens ion  cracks which formed from extens ional  s t r a i n  as a r e s u l t  
o f  s t ress  app l ied  normal to  the bedding sur face s h o r t l y  a f t e r  b u r i a l .
The f o l lo w in g  evidence im p l ies  th a t  the carbonate o f  the h o r iz o n ta l  
pods was the r e s u l t  o f  a lga l  a c t i v i t y :  1) pod-bearing l i t h o l o g i e s  are
an in te g ra l  p a r t  o f  stromat o i i t i c  carbonate cyc les ,  2) pod s t ru c tu re s  
are o c ca s io n a l ly  enclosed w i t h in  the carbonate lam ina t ions  o f  s t r o m a to l i t e  
heads, and 3) Horodyski (1975),  d iscovered a lga l  m ic ro fo s s i l s  in s im i l a r  
s t ru c tu re s  present in  the lower Missoula Group o f  G la c ie r  Nat ional Park.
As mentioned, some h o r iz o n ta l  pods pass l a t e r a l l y  i n to  pianar-bedded 
sheets. The t e x tu re ,  composi t ion ,  and form o f  these sheets g r e a t l y  
resembles some o f  the carbonate lam ina t ions  present in  C o l len ia  s tromato­
l i t e s .  This suggests th a t  the carbonate o f  the pod s t ru c tu re s  was 
o r i g i n a l l y  p r e c ip i t a te d  below p lanar  a lg a l  mats, perhaps as a r e s u l t  o f  
p h to syn th e t ic  removal o f  carbon d io x id e  by a lgae. Subsequent compaction 
is  be l ieved to have been the main process respons ib le  f o r  the morphology 
t h a t  these s t ru c tu re s  d is p la y  today. A former "patchy"  d i s t r i b u t i o n  o f  
p lanar  a lga l  mats or  the occurrence o f  r ip -u p  c la s ts  o f  "a lga l  ch ips"  
could be p a r t  o f  the cause (see Gebelein, 1969, p. 55).
Environmental i n t e r p r e t a t i o n s . The fo l lo w in g  evidence o r  lack  o f  
evidence is  suggest ive  o f  a subaqueous de p o s i t io n a l  environment f o r  molar 
too th  carbonates and assoc ia ted l i t h o l o g i e s :  1) the lack o f  d i s t i n c t
d es icca t ion  fea tu res  such as d e s icc a t io n  cracks o r  " b i r d ' s  eye" in  
s t r o m a to l i t e s ,  2) the absence o f  mud c l a s t s ,  and 3) the a ssoc ia t ion  o f
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synaeresis c racks ,  t u r b l d i t e - l i k e  q u a r t z i t e  beds, and fe r rous  i ron  in  
p y r i t e .  Corraborat ing  t h i s ,  Rezak (1957, p. 147-148) has discussed 
evidence th a t  s t ro m a to l i t e s  o f  the v a r i e t i e s  Co l l e n ia  undosa and 
C o l len ia  symmetrica developed on subs id ing ,  submergent sur faces.
From h is  observat ions o f  recent  sub t ida l  s t ro m a to l i te s  in o f fs h o re  
Bermuda, Gebelein (1969, p. 67) has in te rp re te d  sequences o f  s tromato- 
l i t i c  s t ru c tu re s  which correspond q u i te  wel l  to the cycles d isp layed 
by the molar to o th  carbonates o f  t h i s  s tudy: r i p p le  sands grading
upward in to  p lanar a lga l  mats which are in  tu rn  o v e r la in  by l a t e r a l l y -  
l in k e d  hemispheroid s t r o m a to l i t e s .  Gebelein shows th a t  the sequence 
r e f l e c t s  a progress ive  decrease in cu r re n t  v e lo c i t y  and sediment t ra n s p o r t  
The sequence may a lso in d ic a te  progress ive  subsidence o r  a phase o f  
gradual marine t ransg ress ion .
In genera l ,  the molar too th  carbonates formed in an environment o f  
calm, shallow water and low te r r igenous  i n f l u x .  A high suspended load 
would smother the mat- forming algae by hampering photosynthesis .
I n t egrated I n t e r p r e t a t ion
M ine ra logy . The m ine ra log ica l  p ropo r t ions  o f  those non-carbonate 
samples analyzed are in d ica te d  in the t r i a n g u la r  diagram shown in  
Figure 31. Grain s ize  c o r re la te s  w i th  minera logy in th a t  the coarser 
grained l i t h o l o g i e s  con ta in  more quartz  and the f i n e r - g r a in e d  l i t h o l o g i e s  
more fe ld s p a r ,  and, as would be expected, more c la y  m inera ls .  The 
g rea te r  fe ld s p a r  content  in  the f i n e r - g r a in e d  rocks may r e f l e c t  the
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q u a r t z
quar tz i te
a r g i l l i t e - si l tite
i l l i t e  
c h l o r i t e  
m u s c o v i t e
f e l d s p a r
Figure 3 1 , Triangular diagram showing mineralogical 
proportions in non-carbonate rocks from 
the upper Wallace & lower Missoula Group. 
Mineralogical percentages determined by 
semi-quantitative x-ray diffraction 
analysis.
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g re a te r  abrasion o f  fe ld s p a r  dur ing  eros ion and t ra n s p o ra t io n  (see 
Fo lk ,  1968, p. 83).
A l l  l i t h o l o g i e s ,  w i th  the except ion o f  c a l c i t e  molar too th  s t r u c tu r e s ,  
conta in  both i l l i t e  and c h l o r i t e  in the c la y -s iz e d  f r a c t i o n .  The r a t i o  o f  
i l  1i te+muscovi te  to c h l o r i t e  in  rock types corresponding to  a marine 
f a c ie s ,  i . e . ,  te r r igenous  green s i l t i t e - a r g i l 1i t e s , b lack s i I t i t e -  
a r g i l  l i  tes ,  and carbonate-bear ing  rocks, v a r ie s ,  but has an average value 
o f  about 1:1.  The r a t i o  f o r  the red -pu rp le  s i l t i t e - a r g i l l i t e  rock type, 
which r e f l e c t s  a marginal margine and c o n t in e n ta l  environment o f  de­
p o s i t i o n ,  averages about 5:1.  Work by Hower e t  a l . ,  (1976),  s t ro n g ly  
suggests t h a t  c h l o r i t e  is  formed in  some sediments by the b u r ia l  d iagenesis  
o f  smect i te .  A number o f  workers have observed th a t  c la y  m inera ls  c a r r ie d  
in  suspension are m in e ra lo g ic a l l y  segregated upon e n te r ing  the marine 
environment,  the co n t ro l  being due to  e i t h e r  the e f f e c t s  o f  g ra in  s ize  
(e .g .  Gibbs, 1977) o r  d i f f e r e n t i a l  f l o c c u la t i o n  (e .g .  Whitehouse 
e t  a l . ,  1958). Al though the r e l a t i v e  d i s t r i b u t i o n  o f  some c lay  minera ls  
v a r ie s ,  smect i te  c o n s is te n t l y  concentrates in  the more d i s t a l  o f fsho re  
areas. Hence, the accumulation and d iagenesis  o f  smecti te  may account 
f o r  the g rea te r  abundance o f  c h l o r i t e  in  rocks o f  a more marine aspect.
Environment o f  d e p o s i t i o n . Figure 32 in te g ra te s  the environmental 
i n t e r p r e ta t i o n s  i n t o  a fac ie s  t r a c t  model f o r  rock types in  the upper 
Wal lace- lower Missoula Group. Two fac ie s  t r a c t s  are recognized: one o f
high te r r igenous  i n f l u x  and one o f  low te r r igenous  i n f l u x .
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D I L L O N  B L O C K
■HIGH TERRIGENOUS- 
i n f l u x
•LOW TERRIGENOUS- 
i n f l u x
R e d  SI  111 1 e -  q u a r t z 1 1 8 - a r g I 111 t e ,  l o w e r  Mt ,  S h i e l d s  F m .  
R e d - p u r p l e  S 1111 1 8 - Q r g i 11 11 6 
T e r r i g e n o u s  g r e e n  s i l t i t e - a r g i i l i t e  
B l a c k  s i l t i t e  -  a r g i l l i t e  
D o l o m i t i c  o r g i l l i t e - s i l t i t e
M o l a r  t o o t h  c a r b o n a t e
Fjf-:ure 32. Facies tract model for rock types present in 
the upper Wallace and lower Missoula Group.
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In the fac ie s  t r a c t  o f  high te r r igenous  i n f l u x ,  the upper and lower 
sea margin f l a t s  environments o f  the red and purp le  fac ies  pass seaward 
in to  the nearshore marine environments o f  the te r r igenous  green rock type 
Seaward o f  t h i s  is  the sub-wave base, deep water euxenic environment o f  
the b lack fa c ie s ,  separated from the te r r igenous  green fac ies  by perhaps 
a small s h e l f  slope w i th  g u l l i e s  or  channels. The black fac ies  does not 
represent  i s o la te d  lagoonal environments because black u n i t s  are very 
ex tens ive  r e g io n a l l y  and because there  is  no i n d ic a t io n  o f  b a r r i e r  bar 
or  b a r r i e r  i s la nd  type sequences. T u r b id i t y  cu r ren ts  p e r i o d i c a l l y  swept 
through both the te r r igenous  green and black fa c ie s .
The fa c ie s  t r a c t  o f  low te r r igenous  i n f l u x  is  charac te r ized  by 
carbonate environments. Calcareous u n i ts  are on ly  sometimes d i r e c t l y  
t r a n s i t i o n a l  to  black beds, in d ic a t in g  th a t  carbonate environments were 
p r e f e r r e n t i a l  to e i t h e r  p ro tec ted  nearshore environments o f  calm water 
o r  areas d i s t a l  from the shore but w i th  shallow water and a lack o f  
s t rong cu r re n ts .
The appearance o f  carbonate bearing rocks in  the sec t ion  may r e f l e c t  
a change in  pa leoc l im ate  o r  the c u r ta i lm e n t  o f  u p l i f t  in  the source area. 
More l i k e l y ,  however, carbonates represent  a fa c ie s  t r a c t  l a t e r a l  to  
the te r r igenous  green fa c ie s  where te r r igenous  i n f l u x  was lower due to 
d i f fe re n c e s  in  drainage pa t te rns  on the co n t in e n ta l  areas. Terrigenous 
green u n i t s  were observed to  sometimes pass l a t e r a l l y  in to  molar tooth  
carbonates (compare M ar t in  Creek sub -sec t ions ,  using the base o f  the 
upper b lack s i l t i t e - a r g i l l i t e  u n i t  as a re fe rence .  Appendix I I I ) .
CHAPTER I I I  
MEASURED SECTION DESCRIPTIONS
The s a l i e n t  fea tu res  o f  the s t r a t i g r a p h ie  sec t ions  are given 
below. For more d e ta i l  the reader is  re fe r re d  to Appendix I I I .
Big Hole Peak Section
The Big Hole Peak sec t ion  is  the southernmost sec t ion  in the f i e l d  
area (see Fig. 2 ) .  B e l t  rocks mapped on the Wallace sheet in  t h i s  
v i c i n i t y  c o n s is t  o f  the Wallace Formation, u n d i f f e re n t ia te d  and 
the Snowslip Formation.
Measurement was commenced near the top o f  a middle Wallace u n i t  
co n s is t in g  o f  b lack ,  coarse ly  to very coarse ly  couple ted,  d o lo m i t i c  
s i l t i t e - a r g i l l i t e  and q u a r t z i t e - a r g i l l i te  w i th  molar too th  s t ru c tu re s .
The u n i t  grades conformably in to  a 170 m e te r - th ic k  u n i t  c o n s is t in g  o f  
the d o lo m i t i c  a r g i l l i t e - s i l t i  te  rock type. The rocks here are mainly  
l i g h t  gray. A couple o f  s t r o m a to l i t e  horizons 3 cm to  80 cm t h i c k  are 
present near the base o f  the u n i t ,  as are a few horizons w i th  h o r izon ta l  
pod s t ru c tu re s .
The d o lo m i t i c  rocks o f  the upper Wallace e ve n tu a l ly  pass upward in to  
the more c l a s t i c  l i t h o l o g i e s  o f  the Snowsl ip Formation. Near the base is  
a 60 m e te r - th ic k  u n i t  o f  the te r r igenous  green rock type which is  o v e r la in  
by a 40 to  60 m e te r - th ic k  u n i t  o f  purp le  s i l t i t e - a r g i l l i t e .  Rocks o f  
the l a t t e r  have a pu rp le -g ray  hue ra th e r  than t ru e  purp le .  Above t h i s ,
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exposure is  poor but the sequence o f  green to  purp le  rock types is  
apparen t ly  repeated. Above the lower purp le  u n i t  are 120 m o f  
te r r igenous  green s i l t i t e - a r g i l l i t e  beds, fo l lowed by another pu rp le -  
s i l t i  te  a r g i l l i t e  u n i t ,  t h i s  one apparen t ly  much t h i c k e r ,  about 400 m.
Next in the sec t ion  is  175 m o f  te r r igenous  green s i l t i t e - a r g i l l i t e .
The rocks here are weather ru s ty  in places and near the top o f  the u n i t  
are abundant load s t ru c tu re s  and pseudochannels. The green beds grade 
upward in to  a t h in  g ray-co lo red  horizon fo l lowed  by a u n i t  co n s is t in g  o f  
b lack s i l t i t e - a r g i l l i t e .  Here r i p p le  marks are ra re ,  but 1 to  3 cm 
tan g en t ia l  crossbeds were observed in  a few hor izons.  The u n i t  is  
approx imate ly  190 m t h i c k ;  the upper fo u r th  o f  u n i t  i s  g raye r ,  s i l t i e r ,  
more micaceous, and is  t r a n s i t i o n a l  to  an o v e r ly in g  20 m e te r - th ic k  
te r r igenous  green u n i t .
The te r r igenous  green s i l t i t e - a r g i l l i tes give way to  another dominantly 
pu rp le -co lo re d  s i l t i t e - a r g i l l i t e  u n i t .  The lower p a r t  o f  t h i s  u n i t  has 
about 20 m to  1 to 5 m e te r - th ic k  a l t e r n a t i n g  green-purp le  in terbeds and 
green co lored horizons o f  up to 10 m are present in  the middle through 
upper p a r ts .  The u n i t  is  approx imate ly  100 m th i c k .  The top o f  the 
sec t ion  has about 20 m o f  f i n e  to  medium coupleted green s i l t i t e - a r g i l l i t e  
which is  s l i g h t l y  d o lo m i t i c ,  i n d i c a t i n g  c lose p rox im i ty  to  the base o f  
the Shepard Formation.
Cabin Lake Section
The Cabin Lake sec t ion  (F ig .  35) inc ludes the uppermost u n i ts  o f  the
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Snowslip Formation, the e n t i r e t y  o f  the Shepard Formation, and the base 
o f  the Mount Shie lds Formation.
The sec t ion  begins a t  the top o f  the b lack s i l t i t e - a r g i l l i t e  u n i t  
in  the Snowslip. The o v e r ly in g  120 m o f  te r r igenous  green and purp le  
u n i t s  are e s s e n t i a l l y  the same as those in the Big Hole Peak sect ion 
except th a t  l e n t i c u l a r  bedding is  more conmon and load s t ru c tu re s  are 
present .  Over ly ing  the upper purp le  u n i t  in  the Snowslip is  120 m o f  
mostly  f i n e  to  medium couple ted te r r igenous  green s i l t i t e - a r g i l l i t e  and 
minor beds o f  d o lo m i t i c  a r g i l  1i t e - s i l t i t e  and molar too th  carbonate. This 
is  fo l lowed by 90 m o f  medium to coarse ly  couple ted te r r igenous  green 
s i l t i t e - a r g i l l i t e  beds which are in tu rn  o v e r la in  by a 120 m e te r - th ic k  
u n i t  composed most ly  o f  d o lo m i t i c  a r g i l l i t e - s i l t i  te  and molar too th  
carbonate. Over ly ing  the carbonate is  150 m o f  te r r igenous  green s i l t i t e -  
a r g i l l i t e .  The upper pa r t  o f  t h i s  u n i t  is  sandy, micaceous, and has 
abundant crossbeds and penecontemporaneous deformat ion s t ru c tu re s .  I t  
e ve n tu a l ly  passes in to  an upper, dominant ly  pu rp le -co lo red  s i l t i t e - a r g i l l i t e  
o f  60 m th ickness .  The top o f  the sec t ion  is  occupied by dark red f i n e ­
grained q u a r t z i t e - a r g i l l i te and s i l t i t e - a r g i l l i t e ,  marking the base o f  
the Mount Shie lds Formation.
Graves Creek-Vermi l ion Peak Section
The Graves Creek-Vermi l ion Peak sec t ion  cons is ts  o f  the upper par ts  
o f  the Wallace Formation, the e n t i r e t y  o f  the Snowslip Formation, and 
the lower fo u r th  o f  the Shepard Formation (F ig .  35).  The sec t ion  is
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s im i l a r  to the Big Hole Peak sec t ion  in  terms o f  rock un i ts  and 
l i t h o l o g i e  c h a r a c te r i s t i c s .
The base o f  the Graves Creek sec t ion  cons is ts  o f  28 m o f  middle 
Wallace rocks c o n s is t in g  o f  tan weather ing,  coarse ly  to  very coarse ly  
coup le ted,  b lack si 1t i t e - a r g i 11i te  w i th  abundant r i p p l e  marks. The next 
197 m is  mostly  covered; from f l o a t  i t  appears t h a t  the rocks are s im i la r  
except t h a t  they are grayer  and th a t  molar too th  r ibbons are present.
The re tu rn  o f  exposure reveals  about 20 m o f  gray s i l t i t e - a r g i l 1i te w i th  
v a r ia b le  couple te  s ize .  This is  fo l lowed  by approx imate ly  120 m o f  
te r r igenous  green si 1t i t e - a r g i 11i te and a r g i l l i t e - s i l t i  te .  Al though the 
average carbonate content  o f  the rocks is  probably  less than 5 percent ,  
three calcareous C o l len ia  horizons occur in which some o f  the s t r o m a to l i t e  
heads are as la rge  as 90 cm in  he igh t  (F ig .  33).
Next are 400 meters o f  te r r igenous  green s i I t i t e - a r g i 11i te beds w i th  
c y c l i c  couple te  s izes .  In c o n t ra s t  to the Big Hole Peak sec t ion  on ly  one 
purp le  s i l t i t e - a r g i l l i t e  u n i t  is  present in  the lower to  middle Snowslip.
I t  is  approx imate ly  40 m t h i c k  and is  o v e r la in  by 30 meters o f  f i n e  to 
medium coupleted te r r igenous  green s i l t i t e - a r g i l l i t e .
The b lack s i l t i t e - a r g i l l i t e  member in t h i s  area averages about 150 
m in th ickness .  On Ve rm i l ion  Peak, where exposures are best,  b lack 
a r g i l l i t e - s i l t i  tes are in terbedded w i th  blocky s i l t i t e  beds, many o f  which 
are deformed by load ing in to  b a l l  and p i l l o w  s t ru c tu re s .  L ike the Big 
Hole Peak s e c t io n ,  the upper fo u r th  o f  t h i s  u n i t  has more o f  a gray 
c o lo r a t io n  than a t rue  b lack.
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Figure 33. Large Col Tenia s t ro m a to l i te s  present in  the 
lower par ts  o f  the Graves Creek sec t ion .  
Bedding is  overturned to the r i g h t .
Figure 34. View o f  the D e v i l ' s  Gap sub-sect ion  a t  Mart in
Creek showing the uppermost u n i ts  present in the 
upper Wallace o f  t h a t  area. Rock types designated 
as fo l l o w s :  bsa, b l a c k - s i 1t i t e - a r g i 11i te ; gsa, 
green s i l t i t e - a r g i l l i t e ;  rsa,  red -pu rp le ,  s i l t i t e -  
a rg i  1 1 i t e .
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Over ly ing  the b lack member l i e s  130 m o f  te r r igenous  green s i l t i t e -  
a r g i l l i t e  w i th  abundant .5 to  1 m s i l t i t e  in te rbeds.  This passes in to  
a 100 m e te r - th ic k  upper purp le  u n i t  above which are s l i g h t l y  d o lo m i t i c  
green a r g i l l i t e - s i l t i t e s  o f  the basal Shepard Formation, A couple 10 cm 
Col 1enia zones were noted. Only 230 m o f  lower Shepard was measured; 
the middle  and upper par ts  o f  the Formation were poor ly  exposed, badly 
a l t e r e d ,  and fa u l t e d .
M art in  Creek Section
The M art in  Creek sec t ion  is  on the west s ide o f  the Hope f a u l t  and 
the v a l le y  o f  the C lark Fork R iver  (F ig .  2 ) .  The "se c t io n "  is  a c tu a l l y  
a composite o f  many sm a l le r  " sub -sec t ions "  which, when pieced toge the r ,  
cover the e n t i r e t y  o f  a u n i t  mapped as "upper Wallace" on the Wallace 2° 
sheet.  Rocks above the upper Wallace have been mapped as S tr iped  Peak 
Formation.
Outcrops in  the lower fo u r th  o f  t h i s  sect ion are sca t te red  and some­
what la c k in g ,  nonetheless they are good enough to de l in e a te  the major rock 
u n i t s .  The base o f  t h i s  sec t ion  is  made up o f  80 m o f  middle Wallace 
b lack s i l t i t e - a r g i l l i t e .  Next is  330 m o f  ru s ty  weathering pale green 
d o lo m i t i c  a r g i l l i t e - s i l t i  te .  This l i t h o l o g y  grades upward in to  
te r r ig e no u s  green s i l t i t e - a r g i l l i t e ,  and a t  690 m is  the base o f  the black 
s i l t i t e - a r g i l l i t e  u n i t .  Purple s i l t i t e - a r g i l l i t e  is  basent below the f i r s t  
b lack u n i t  in  t h i s  sec t ion .
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The b lack u n i t ,  exposed west o f  Minton Peak, comprises a t h i n  40 
m e te r - th ic k  member. The rocks weather tan and have conspicuous 20 cm 
so f t -sed im en t  f o ld s .  Above t h i s  u n i t  is  10 m o f  tan weathering green 
a r g i l l i t e - s i l t i  te  fo l lowed  by a 140 to 160 m e te r - th ic k  i n te r v a l  o f  v a r ia b l y  
a l t e r n a t i n g  purp le  and te r r igenous  green s i l t i t e - a r g i l l i t e .  Exposure 
above t h i s  is  poor,  but  co ns is ts  o f  d o lo m i t i c  s i l t i t e - a r g i l l i t e  and 
a r g i l l i t e - s i l t i t e .  This l i t h o l o g y ,  in co rpo ra t in g  perhaps 50 m o f  se c t io n ,  
i s  t r a n s i t i o n a l  to  an o v e r ly in g  molar too th  carbonate u n i t  which ranges 
between 350 and 400 m in  th ickness .
As in  the Cabin Lake se c t io n ,  the molar too th  carbonate u n i t  passes 
f i r s t  i n to  d o lo m i t i c  a r g i l l i t e - s i l t i t e  and then in to  te r r igenous  green 
s t r a t a .  At C l in ton  Gulch the te r r igenous  green u n i t  is  20 to 40 meters 
t h i c k ,  along the South Fork o f  Mart in  Creek i t  is  60 m t h i c k ,  and near 
Kismet Creek i t  is  over 150 m in  th ickness .  Un l ike  the Cabin Lake se c t io n ,  
a member co n s is t in g  predominant ly  o f  b lack s i l t i t e - a r g i l l i t e  o v e r l ie s  
t h i s  u n i t .  At C l in to n  Gulch, where i t  is  exposed in  i t s  e n t i r e t y ,  i t  
i s  120 m in  th ickness .  This u n i t  grades in to  a 140 m e te r - th ic k  
te r r ig e no u s  green s i l t i t e - a r g i l l i t e  u n i t  which is the h ighes t  one in  the 
se c t ion  (F ig .  34).  Thin 1 to  3 c o a rse -g ra in e d . trough-crossbedded 
q u a r t z i t e s  occur s p o ra d ic a l l y  throughout t h i s  i n t e r v a l .  Near the top o f  
the se c t ion  the green s t r a ta  g ive way to  about 50 m o f  purp le  s i l t i t e -  
a r g i l l i t e  which is  t r a n s i t i o n a l  to  red s i l t i t e s  and q u a r tz i te s  o f  the 
lowermost S t r iped  Peak Formation. The red q u a r tz i te s  are f in e -g ra in e d  
and l o c a l l y  con ta in  r e l a t i v e l y  la rg e -s c a le  10 x 5 cm tang en t ia l  crossbed 
s e t s .
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Mount Berray Sect ion
Un l ike  the o the r  sect ions the Mount Berray sec t ion  is  loca ted o f f  
o f  the Wallace 2° sheet and inc ludes rocks mapped as "Wal lace",  
u n d i f f e r e n t i a t e d ,  on Gibson's (1948) Libby Quadrangle (see Figs. 2, 5, 
and 6 ) .  The sec t ion  on Mt. Berray was chosen, f i r s t ,  because i t  inc luded 
the upper p a r t  o f  the Wallace and the lower p a r t  o f  the S tr iped  Peak, 
and, second, because the exposures are good. The sec t ion  proved to  be 
ne a r ly  id e n t i c a l  to  the upper 900 m o f  the M ar t in  Creek sec t ion .
The lower f o u r th  o f  the Mount Berray sec t ion  (F ig .  35) cons is ts  o f  
approx imate ly  300 m o f  molar too th  carbonate and d o lo m i t i c  a r g i l l i t e -  
s i l t i t e .  S t ro m a to l i te s  f i r s t  appear a t  the 160 m l e v e l ,  and a t  the 155 m 
leve l  i s  a 10x15 cm channel f i l l e d  w i th  molar to o th  fragments suspended in 
d o lo m i t i c  s i l t i t e .
The molar too th  carbonate u n i t  is  t r a n s i t i o n a l  to  60 m o f  d o lo m i t i c  
a r g i l l i t e - s i l t i t e  and s i l t i t e - a r g i l l i t e  which is  fo l lowed  by 140 m o f  
te r r ig e n o u s  green s t r a ta  th a t  e v e n tu a l ly  pass in to  1) a lower 20 m u n i t  
o f  b lack s i l t i t e - a r g i l l i t e ,  2) a middle 20 m in te r v a l  o f  gray-green 
s i l t i t e - a r g i l l i t e ,  and 3) an upper 20 m u n i t  o f  b l a c k - s i l t i t e - a r g i l 1i t e .
I t  appears th a t  the upper b lack member is  much th in n e r  here than a t  the 
Mart in  Creek sec t io n .  Exposure above the b lack member is  la c k in g ,  but 
the re  appears to be about 260 m o f  te r r igenous  green s i l t i t e - a r g i l l i t e .
At the 860 m l e v e l ,  maroon to  red q u a r t z i t e - a r g i l 1i t e  appears, marking 
the base o f  the S tr iped  Peak Formation.
CHAPTER IV 
CORRELATIONS
Local C o r r e la t io n s
The f i v e  measured sect ions  can be c o r re la te d  h o m o ta x ia l ly . In 
a d d i t i o n ,  the northernmost sect ions c o r re la te  w i th  a t  le a s t  two i n ­
formal members o f  the Wallace Formation in  the Clark Fork d i s t r i c t  
(Harr ison  and Job in ,  1963). Generalized s t r a t i g r a p h ie  sect ions showing 
the c o r r e la t i o n s  are diagrammed in  Figure 35.
The basal c o r r e la t i o n  datum is  taken as the le ve l  where b lack ,  
d o lo m i t i c  a r g i l l i t e s ,  s i l t i t e s ,  and q u a r t z i t e s  o f  the middle Wallace 
pass in to  d o lo m i t i c ,  gray-green a r g i l l i t e - s i l t i t e .  The d o lo m i t i c  
a r g i l l i t e - s i l t i t e  u n i t  is  somewhat v a r ia b le  and i l l - d e f i n e d  but can 
be i d e n t i f i e d  from the Big Hole Peak sec t ion  northwestward to  Mart in  
Creek. I t  can not be co r re la te d  w i th  the Clark Fork sec t ion  since th is  
rock type recurs throughout the 1050 m e te r - th ic k  "Wallace 3" ( a r g i l l i t e -  
s i 1t i te -1 im e s to n e  member) o f  Harr ison and Job in .
The re d -p u rp le ,  te r r igenous  green, and black s i l t i t e - a r g i l l i t e  u n i ts  
o f  the Snowslip Formation c o r r e la te  wel l  across the southern Cabinet 
Ranges and extend across the Hope f a u l t  in t o  the Minton Peak-Martin Creek 
se c t ion  where those u n i t s  have been inc luded in  the upper Wallace. The 
lower purp le  u n i t s  t h in  northwestward from Big Hole Peak to  the p o in t  
where they pass t o t a l l y  in to  te r r igenous  green s t r a t a .  The middle black
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Figure 35* Correlation of measured sections.
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s i l t i t e - a r g i l l i t e  u n i t  in  the Snowslip th in s  p rog ress ive ly  to  the 
nor thwest ,  but d i r e c t  c o r r e la t i o n  o f  t h i s  u n i t  to  the C lark Fork 
"Wallace 3" is  d i f f i c u l t  s ince b lack s i l t i t e - a r g i l l i t e  subuni ts  recur  
throughout t h a t  member. The purp le  s i l t i t e - a r g i l l i t e  u n i t  above the 
black member can be c a r r ie d  across the e n t i r e  area as f a r  as M art in  Creek 
but is  absent a t  Clark Fork.
Although i t  is  r e l a t i v e l y  t h i n ,  the molar tooth  carbonate member o f  
the Shepard Formation a t  Cabin Lake is  c o r r e l a t i v e  w i th  the carbonate 
members o f  the upper Wallace a t  Mount Berray, and, across the Hope f a u l t ,  
a t  M ar t in  Creek, The "Wallace 4" (upper calcareous member) a t  Clark 
Fork is  equ iva le n t  to these, as is  the "Wallace 5" ( laminated a r g i l l i t e -  
s i l t i  te  member) to the o ve r ly in g  black s i l t i t e - a r g i l l i t e  u n i ts  present 
a t  both Mt. Berray and Mart in  Creek. The upper black s i l t i t e - a r g i l l i t e  
u n i t  i s  absent a t  Cabin Lake; since t h a t  sec t ion  is  apparen t ly  t h i n , 
conce ivab ly  f a u l t i n g  may have cut out th a t  p o r t io n  o f  the sec t ion  con­
t a in in g  the b lack u n i t .  The 230 m o f  te r r igenous  green and purple  s t ra ta  
which o v e r l i e  the upper black member a t  Mount Berray and Mart in  Creek 
form on ly  about 10 m o f  sec t ion  a t  C lark Fork. Harrison (personal 
communicat ion),  be l ieves  th a t  there may be a d is co n fo rm i ty  or  uncon­
fo r m i t y  between the "Wallace 5" and the red beds o f  the Lower S t r iped  
Peak. The occurrence o f  calcareous s t ro m a to l i te s  in  the upper par ts  
o f  the "Wallace 5 " ,  a fe a tu re  not observed in the b lack s i l t i t e - a r g i l l i t e  
u n i t s  o f  o the r  se c t io n s ,  may support t h i s  argument inasmuch as i t  may be 
i n d i c a t i v e  o f  emergence o r  a low sedimentat ion ra te .
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As o r i g i n a l l y  suggested by Smith and Barnes (1968, p. 1421), 
the lower Missoula Group does in  f a c t  in te r tongue  w i th  the upper parts  
o f  the middle B e l t  carbonate,  a t  le a s t  in  the northwestern par ts  o f  the 
B e l t  bas in.  The i d e n t i f i c a t i o n  o f  the base o f  the Missoula Group f o r  
t h i s  area becomes h ig h ly  p rob lem a t ica l .
Regional C o r re la t io n s
Due to  the pauc i ty  o f  publ ished d e ta i le d  s t r a t i g r a p h ie  d e s c r ip t io n s ,  
expansion o f  the above c o r re la t io n s  in to  ne ighboring areas is  d i f f i c u l t .  
The extension o f  the Snowsl ip,  Shepard, and Mount Shie lds format ions 
o f  the southern Mission Mountains (Harr ison e t  a l . ,  1968, p. 8 - 9 ) ,  to  
the southern Cabinet Ranges appears reasonable. As suggested by Wei 1s 
(1974) the carbonate u n i ts  o f  the H i l l e r  Peak Formation in  the A lber ton  
area may be equ iva len t  to the Shepard o f  both the former and l a t t e r  areas, 
but more study is  requ ired  to  determine t h i s  w i th  c e r ta i n t y .  In a 
general way, the upper Wallace o f  the Coeur d 'Alene d i s t r i c t  (Hobbs 
e t  a l . ,  1968, p. 44) resembles th a t  o f  the au th o r 's  in  the Mar t in  Creek 
area, but the apparent absence o f  red -pu rp le  beds in the lower pa r ts  and 
the lack o f  molar too th  s t ru c tu re s  in  the middle carbonate-bear ing u n i t  
a t  Coeur d 'A lene make the comparison somewhat awkward. Problems are 
encountered in extending c o r re la t io n s  to  the north  and northeast  o f  the 
study area a lso .  Gibson (1949, p. 15) s ta ted  th a t  red beds are present 
in  the "upper t h i r d "  o f  the Wallace Formation in  the Libby quadrangle,
I f  some o f  these beds un d e r l ie  the carbonate member a t  Mount Berray,
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then the Snowslip Formation may be represented in t h a t  area. Nonethe­
le s s ,  Sheldon (1961) and Johns (1959, 1971) d id  not  recognize the Snowslip 
in  the nearby Pu rce l l  Ranges and Sa l ish  Mountains, a l though the Shepard 
is  considered to be l o c a l l y  present where the Purce l l  lavas occur.  The 
Snowslip is  probably  e q u iva le n t  to the ’’Piegan 3" o r  upper Wallace in  
these areas.
Formation Boundaries and S t ra t ig ra p h ie  Nomenc l a tu re :  Discussion
The middle B e l t  carbonate-Snowslip con tac t  i s  everywhere a con­
formable one. To quote Ch i lders  (1963, p. 144); "The con tac t  o f  the 
Snowslip Formation w i th  the under ly ing  Siyeh (middle B e l t  carbonate) is  
p laced a t  the upper l i m i t  o f  the re c u r re n t  ca rbona te - r ich  rocks t y p ic a l  
o f  the Siyeh".  A cco rd in g ly ,  the author places the base o f  the Missoula 
Group in  the Big Hole Peak and Graves Creek-Vermil ion Peak sec t ions  a t  
the con tac t  below u n i t s  c o n s is t in g  o f  te r r igenous  green s i l t i t e - a r g i l l i t e  
and above u n i ts  co n s is t in g  o f  d o lo m i t i c  a r g i l l i t e - s i l t i t e  th a t  o v e r l i e  
b lack te r r ig en o us  to ca rbona t ic  rocks.  The d o lo m i t i c  a r g i l l i t e - s i l t i t e  
u n i ts  in  these sect ions are a p p ro p r ia te ly  ca l le d  "upper Wallace" and the 
b lack  s t r a t a  underneath "middle Wallace".  Across the Clark Fork River 
a t  M a r t in  Creek the same homotaxial sequence is  present in  the basal 
p a r t  o f  the what was p re v io u s ly  c a l le d  the "upper Wallace".  Except 
f o r  the lower s i l t i t e - a r g i l l i t e  u n i t s ,  a l l  u n i t s  present in the Snowslip 
a t  Big Hole Peak and Graves Creek ca r ry  through to  M ar t in  Creek. There­
f o r e ,  the author  recognizes the Snowslip Formation in  t h i s  area and 
places what has been c a l le d  "upper Wallace" w i th  the lower Missoula
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Group. The term "Snov/sl ip" cannot be c a r r ie d  any f u r t h e r  to  the north  
and west however due to  fac ies  changes In equ iva len t  rocks a t  Clark 
Fork and Coeur d 'A lene .
The type sec t ion  o f  the Shepard Formation i s  loca ted in  G lac ie r  
Nat ional Park, and, as o r i g i n a l l y  def ined by W i l l i s ,  (1902, p. 316), 
the base o f  the Shepard is  placed a t  the top o f  the Purce l l  lava .  Un­
f o r t u n a t e l y ,  the lava pinches out a b ru p t ly  to  the south and west and 
ins tead  the under ly ing  Snowslip o r  what has been c a l le d  "middle B e l t  
carbonate" passes conformably in to  the Shepard. According to  Ch i lders  
(1963, p. 144) "The con tac t  between the Snowslip and the o v e r ly in g  
Shepard Formation is  placed where the d u l l  red (? pu rp le )  medium-grained 
q u a r t z i t e s  grade in to  the calcareous shales and a r g i l l i t e s  o f  the 
Shepard", The placement o f  the con tac t  by most workers is  roughly  in 
accord w i th  t h i s  statement (e .g .  in  the Mission Mountains, Harr ison 
e t  a l . ,  1969, and in  the Lewis and Clark Ranges, Mudge, 1972 and 1977).
In the Cabin Lake sec t ion  the author places the base o f  the Shepard 
a t  the f i r s t  appearance o f  d i s t i n c t l y  carbonat ic  a r g i l l i t e - s i l t i t e s  
which occur above the te r r igenous  purp le  and green s t r a ta  o f  the Snowslip 
and below a molar too th  carbonate hor izon.  The same rock types and 
sequences are present in  the Mart in  Creek s e c t io n ,  hence the author 
be l ieves  the upper pa r ts  o f  the "upper Wallace" here would be more 
a p p ro p r ia te ly  termed "Shepard". The b lack s i l t i t e - a r g i l l i t e  u n i t  above 
the molar too th  carbonate u n i t  is  inc luded w i t h in  the boundaries o f  the 
Shepard Formation as was done by McGil l  and Sommers (1967) in  t h e i r
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Woods Creek Hogsback sec t ion  and in  accord w i th  a statement by Ch i lders  
(1963, p. 147): "The con tac t  o f  the Mount Shie lds Formation w i th  the
under ly ing  Shepard is  placed where the gray calcareous and d o lo m i t i c  
rocks o f  the Shepard grade in to  red and maroon s i l t i t e s  and q u a r t z i t e s " .  
Extension o f  the term "Shepard" to  inc lude  the "Wallace 4" and "Wallace 
5" u n i t s  a t  Clark Fork could  be tenab le  but would probably be in ap p ro p r ia te  
cons ide r ing  the absence o f  under ly ing  Snowslip, Fu r the r  extension o f  
the term "Shepard" as app l ied  to equ iva len t  s t r a ta  north  and west o f  
C lark Fork would be even more undes irab le  s ince the carbonate u n i ts  o f  
the middle  par ts  o f  the upper Wallace a t  Coeur d 'A lene (Hobbs e t  a l . ,
1965) and the Spokane area (Gr iggs,  1973) apparen t ly  lack the molar 
to o th  s t ru c tu re s  which ch a ra c te r ize  the middle  Shepard o f  the southern 
Cabinet Ranges.
L a s t l y ,  ( to  compl icate th ings  f u r t h e r )  Don Winston and Phil  Jacob 
(personal communication) re p o r t  th a t  the top o f  Ch i lders  type Snowslip 
se c t io n  was placed a t  the base o f  a b lack s i l t i t e - a r g i l l i t e  u n i t ,  the 
same one t h a t  o v e r l i e s  the molar too th  carbonate u n i t  in  the Mart in  
Creek, Clark Fork, and Mount Berray sect ions o f  t h i s  study. Inasmuch 
as t h i s  is  in  d i r e c t  c o n f l i c t  w i th  statements by C h i ld e rs ,  more study 
is  necessary to  prove t h i s  hypothes is .
CHAPTER V 
TECTOHIC-SEDIMENTOLOGIC SYNTHESIS
Winston (1973, 1977) and Bleiwas (1977) have in te rp re te d  the 
co n t in e n ta l  and sha l low water deposi ts  o f  the middle and upper Missoula 
Group to  represent la rge a l l u v i a l  fans th a t  emptied across muddy f l a t s .  
Due to  the absence o f  vege ta t ion  in  the Precambrian, optimum cond i t ions  
e x is te d  f o r  the development o f  such environments.
The red,  conglomerat ic  and coarse ly  crossbedded rock types o f  the 
middle  Missoula Group Bonner Formation have been in te rp re te d  as deposits  
o f  braided stream channels nearest to  the source area on the upper 
reaches o f  a l l u v i a l  fans.  The f i n e  h o r i z o n t a l l y  laminated rock type most 
common in the Mount Shie lds and S tr iped  Peak format ions probably rep re ­
sents the lower par ts  o f  a l l u v i a l  fans where d iv e rg in g ,  shallow d i s t r i ­
b u ta r ie s  and sheet wash l a i d  down broad deposi ts  o f  pianar-bedded and 
c l im b in g - r ip p le d  sands. This  fa c ie s  passes in t o  th a t  o f  the red a r g i l l i t e  
rock type which is  s im i l a r  to  the red -p u rp le  s i l t i t e - a r g i l l i t e  rock type 
in the uppermost Shepard and Wallace fo rmat ions  o f  t h i s  study.  These 
rock types represent  a sea margin mud f l a t  environment.
Grain s ize  t re n ds ,  pa leocu rren t  data ,  and the scale  o f  sedimentary 
s t ru c tu re s  o f  the middle and upper Missoula Group rocks a l l  suggest a 
s o u th e r ly  sediment source, most l i k e l y  to  the south o f  the Wil low Creek 
f a u l t  in  the p re - B e l t ia n  metamorphic t e r r a i n  o f  the " D i l l o n  B lock" .
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Progress ive northward th icken ing  o f  green-bed o r  carbonate u n i ts  a t  
the expense o f  re d -pu rp le  u n i t s  in  the lower Missoula Group and upper 
Wallace support  the t rend  f o r  fac ies  o f  a more co n t in en ta l  aspect to 
the south and fa c ie s  o f  a more marine aspect to  the n o r th .  The n o r th ­
ward th ic ke n in g  o f  the upper b lack u n i t  i s  in  accord w i th  t h i s  a lso ,  
but the lower b lack u n i t  appa ren t ly  th in s  sou theas te r ly  from the Mart in  
Creek area to Big Hole Peak (see F ig .  35). The Snowslip a t  Big Hole 
Peak appears unusual ly  t h i c k  in  r e la t i o n  to  those sect ions north  o f  i t .  
"Growth f a u l t i n g "  (Bornhauser, 1958) may account f o r  the th icken ing  in 
t h i s  area, Winston (personal communication) repo r ts  abrupt th icken ing  
o f  the middle Missoula Group about 20 km south o f  t h i s  v i c i n i t y  and 
a t t r i b u t e s  i t  to  the former presence o f  a g ra b e n - l i ke  t rough which he 
terms the Ovando b lock.
There is  l i t t l e  evidence t h a t  Precambrian movement along the Hope 
f a u l t  no tab ly  a f fe c te d  fac ies  development. The e x c e l le n t  c o r r e la t io n  
between the Mount Berray sec t ion  and the upper pa r t  o f  the Mart in  Creek 
se c t io n  demonstrates t h a t  the Hope f a u l t ,  i f  p resen t ,  was o f  l i t t l e  
consequence during the de po s i t io n  o f  the upper u n i ts  o f  the upper Wallace 
Tecton ic  in f lu e n c e  may have been r e s t r i c t e d  to  the C lark Fork area as 
suggested by the somewhat weak c o r r e la t i o n  o f  the "Wallace 3" 
w i th  the lower h a l f  o f  the upper Wallace a t  M a r t in  Creek and the added 
p o s s i b i l i t y  th a t  there  may be an unconform ity  or  d is co n fo rm i ty  between 
the "Wallace 5" and the basal S t r iped  Peak.
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Minor t ra n s g re s s iv e - re g re s s iv e  episodes were numerous as shown 
by the re c u r re n t  g reen-purp le  cyc les .  The presence o f  two black u n i ts  
o f  deep water o r i g i n  may r e f l e c t  two major t ransg ress ive  phases. A 
major reg ress ive  phase re su l te d  when the co n t in e n ta l  e la s t i c s  o f  the 
middle Missoula Group prograded over the dominant ly marine and marginal 
marine sediments o f  the lower Missoula Group, d r i v in g  the marin# 
environments northward, and i n f i l l i n g  the B e l t  Sea.
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APPENDIX I 
X-RAY TECHNIQUE FDR MINERALOGY
The a n a ly t i c a l  technique used to  determine m ine ra log ica l  per­
centages was an adap ta t ion  o f  the s e m iq u a n t i ta t ive  x - ra y  d i f f r a c t i o n  
method developed by Harr ison and Grimes (1970). The method u t i l i z e s  
general formulas which r e l a t e  peak heights  to  the volume percentage 
o f  a given m ine ra l .  By comparing analyses o f  B e l t  standards ( k in d ly  
donated by Jack H arr ison ,  U.S. Geological Survey, Denver, Colorado) 
w i th  the a n a ly t i c a l  r e s u l t s  obta ined from the U n iv e r s i t y ' s  x - ray  
machine i t  was d iscovered t h a t  two o f  the fo rmu las ,  those f o r  quartz  and 
c a l c i t e ,  had to  be m od i f ied  in  order to  account f o r  d i f fe re n ce s  in 
machine f u n c t io n ,  sample p repara t ion  e tc .  The modi f ied  formulas 
emerged as fo l lo w s :
Quartz = 3.35A - ?^(10Â)
12
C a lc i te  = ^OSA 
5
Formulas f o r  the o the r  m inera ls  remained unchanged. They are as fo l low s
Potassium fe ld s p a r  = 3.25Â
3
P laq ioc lase  = 3.20Â
88
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Seri c i  te  (+ Muscovite + i l l i t e )  = 2(10Â)
3
C h lo r i t e  = 7Â 
2
Dolomite = 2 .9Â 
3
One o f  the drawbacks o f  the Harr ison and Grimes method is  t h a t  i t  
does not a l lo w  f o r  the de te rm ina t ion  o f  the percentage o f  opaque accessory 
m ine ra ls .  The volume percentage o f  these m inera ls  was est imated v i s u a l l y  
from t h in  sec t ion  and the x - ra y  analyses adjusted a cco rd ing ly .  Since 
opaques were found to  c o n s t i t u t e  on ly  2 percent or  less o f  most 
l i t h o l o g i e s ,  and because the x - ray  method is  on ly  accurate w i t h in  
+ 10 percent o f  chem ica l ly  checked va lues ,  the e f f e c t  o f  t h i s  procedure 
on the p re c is io n  o f  the ana lys is  Is  considered i n s i g n i f i c a n t .
Sect ion Locat ions
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EXPLANATION: TABLE lA
BMP: Big Hole Peak subsect ion
CO : C l in to n  Gulch subsect ion
CL: Cabin Lake sec t ion
DG: D e v i l ' s  Gap subsection
KC: Kismet Creek subsection
MB: Mounta Berray sec t ion
SF: South Fork o f  M art in  Creek,
W-() :  Wallace members 2, 3, 4, at
subsect ion 
Clark Fork
Li tho logy
Opaques
q - fg , c g :  q u a r t z i t e ,  f i n e  g ra ined ,  coarse grained
dq : d o lo rn i t ic  q u a r t z i t e
s : s i l t i t e
as: a r g i l l i t e - s i l t i  te
sa: s i 1 t i t e - a r g i 11i te
dsa: do lo rn i t ic  s i 1t i t e - a r g i 11i te
m-hm: m icrospar,  h o r izo n ta l  mat s t ru c tu re
m-hp: m icrospar,  h o r iz o n ta l  pod s t ru c tu re
da-hp: do lo rn i t ic  a r g i l l i t e ,  enclosing ho r izon ta l  pod 
s t ru c tu re
c: o rgan ic  carbon
hm: hematite
hmp: hematite pseudormorph a f t e r  p y r i t e  
nit: magnetite
I x : leucoxene
py : p y r i t e
Section-
Meters Lithology co lor Dolomite
V
Calcite
%
Plagioclase K-spar
V■ta
Quartz Chlori te
I l l i t e -  
Seric i te
Opaques 
(determined o p t ic a l ly )
CL-650 q-fg red _ - 3 11 64 6 14 Z% hm. (? ) ,  t r .  mt.
CL-422 dq-fg gray 6 8 16 7 48 8 5 py.
OG-74 dq-cg gray 4 4 9 2 55 15 11 t r .  Im.
CL-608 s purple - 2 6 6 64 3 15 3"clx. & hm., 1% mt.
CG-318 s green 2 1 3 7 52 13 15 2 % Ix .
PHP-37 s gy-blk t r . - 22 2 39 20 16 1% Ix .
GC 705 as purple t r . - 20 3 38 4 34 1% m t . , t r .  Ix .
KC-5 as green 3 - 23 10 44 12 7 n  ix .
W-5 sa black - 12 10 47 7 20 c (?) ,  t r .  py & hmp.
5F-1390 as black - - 14 17 25 16 22 5% c 1% Ix .
OG-5 sa bl ack - - 14 7 39 13 25 U  c, 1% Ix .
W-2 dsa black 24 28 7 2 27 5 6 1 % c. t r .  1X.
MB-310 das green 27 t r . 8 4 36 9 15 1 % py. & hmp.
SF-1235 rrt—nm gray t r . 78 19 3 - - t r .  Im.
CL-429 m-ps gray 9 64 12 3 11 t r . T: py.
W-4 n-ps gray 11 69 7 t r . 7 6 t r .  py.
CL-429 da-ps green 25 29 10 5 10 13 2 ' py.
W-4 da-ps green 39 10 7 2 23 4 14 !■' py.
Table lA. X-ray d i f f r a c t io n  analyses, i n  v o I u t o  percent, o f assorted 
l i th o lo q ie s  from the upper ,.'al 1 ace and lower Pissouia Group.
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GUIDE TO STUDY OF THIN SECTIONS
DESCRIPTION-
CATALOGUE # FIELD # SECTION-METERS SALIENT FEATURES
4779 20-35 SF-1235 Planar laminated
microspar.
4780 20-20 SF-1220 Dolornit ic  q u a r tz ­
i t e ,  f in e -g ra in e d .
4781 2-2 BHT-805 Green s i l t i t e  from
pseudochannel, X- 
1 aminated.
4782 2-6 BHT-55 Purple s i l t i t e -
a r g i l l i t e ,  graded 
coup le ts ,  mud c la s t s ,  
euhedral magnet ite.
4783 10-84 CL-608 Purple s i l t i t e -
a r g i l l i t e ,  d e t r i t a l  
muscov i te .
4784 7-5 DG-5 Black s i l t i t e -
a r g i l l i t e ,  graded 
c o u p le ts .
4785 20-343 SF-1543 Green a r g i l l i t e -
s i l t i t e ,  graded 
co u p le ts .
4786 10-5 CL-528 Green s i l t i t e ,  hor.
laminated, s l i g h t l y  
a l t e r e d .
4787 4-3 BHP-3 Gray s i l t i t e ,
massive, random 
muscovi te, c a l c i t e  
& c h l o r i t e  cement.
4788 6-74 KC-74 Gray q u a r t z i t e ,
ca lcareous, coarse­
gra ined,  r e x ta l l i z e d  
o o l i  t e s .
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DESCRIPTION-
CATALOGUE # FIELD # SECTION-METERS SALIENT FEATURES
4789 10-117 CL-641 Red a r g i l l i t e - s i l L i t e ,
graded coup le ts ,  minor 
l e n t i c u l a r  bedding, muscovite.
4790 W-2-6 CF Black s i  1t i t e - a r g i 11i t e ,
d o lo m i t i c ,  from "Wallace 2" .
4791 8-10 CG-10 Hor izon ta l  pod s t ru c tu re
w i th  "boxwork".
4792 8-10 CG-10 Hor izonta l  pod s t ru c tu re
w i th  "boxwork".
4793 6-5 KC-5 Green a r g i l l i t e - s i l t i  t e ,
graded coup le ts .
4792 8-10 CG-10 Hor izon ta l  pod s t ru c tu re
w i th  "boxwork".
4795 20-20 SF-1220 Do lom it ic  q u a r t z i t e ,
f i  n e -g ra ined .
4796 8-198 CG-198 Black s i l t i t e - a r g i l 1i te ,
f in e -g ra in e d .
4797 20-380 SF-1580 Black s i l t i t e - a r g i 11i t e ,
graded coup le ts .
4798 10-130 CL-670 Red q u a r t z i t e ,  f in e -g ra in e d ,
r i p p le  X- laminated, s e r i c i t i z e d  
K-spar.
4799 9-16 CL-438 Hor izon ta l  pod s t ru c tu re
w i th  "boxwork".
480 FL-1 - Do lom it ic  q u a r t z i t e  lense,
coa rse -g ra ined , in  a r g i l l i t e ,  
from basal Sn a t  Four Lakes 
Creek.
4801 5-205 BHP-205 Purple s i l t i t e - a r g i 11i t e ,
d e t r i t a l  muscovi te, euhedral 
magneti te .
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CATALOGUE # FIELD # SECTION-METERS
DESCRIPTION-
SALIENT FEATURES
4802
4803
4804
4805
4806
4807
4808
4809
4810
4811
4812
4813
4814
4815
4-37 BHP-37
13-705 GC-705
8-318 CG-318
W-4-1
1-259
9-23
19-1
14-236
10-2
8-227
9-38 
8-1
21-310
3-1
CF
SC-259
CL-450
SF-741
VP-788
CL-525
GC-227
CL-421
CG-1
MB-310 
BHP-1
Gray s i l t i t e ,  massive.
Purple s i l t i t e - a r g i l l i t e .
Green s i l t i t e ,  r i p p le  
X - lam ina ted .
Hor izonta l  pod s t r u c tu r e ,  
c y l i n d r i c a l  form, from 
"Wallace 4" .
Purple s i l t i t e ,  15% 
euhedral magneti te.
Hor izon ta l  pod s t ru c tu re .
Green s i l t i t e ,  abundant 
magnet i te ,  l im o n i t e ,  muscovite- 
a l te re d  sample.
A r g i l l i t e - s i l t i  te  lam ina t ion  
from s t r o m a to l i t e ,  s i .  
ca lcareous.
Purple g u a r t z i t e ,  f i n e -g ra in e d ,  
s e r i c i t i z e d  fe ld sp a rs .
Gray q u a r t z i t e ,  coarse gra ined,  
trough X-bedded, subrounded 
quartz & fe ld spa r .
Do lom it ic  q u a r t z i t e ,  f i n e  
gra ined , massi ve .
V e r t i c a l  r ibbon s t ru c tu re s  
X -cu t t in g  s t ro m a to l i t e  
lami n a t io n s .
Do lom i t ic  a r g i l l i t e - s i l t i t e ,  
graded coup le ts ,  waterescape.
Gray s i l t i t e - a r g i l l i t e .
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CATALOGUE # FIELD # SECTION-METERS
DESCRIPTION-
SALIENT FEATURES
4816
4817
W-5-1
W-5-2
CF
CF
Black a r g i l l i t e - s i l t i t e ,  
l e n t i c u l a r  f a b r i c  from 
"Wallace 5".
Black a r g i l l i t e - s i l t i t e ,  
l e n t i c u l a r  f a b r i c  from 
"Wallace 5" .
4818 13-768 GC-768 Gray s i l t i t e ,  sub t le  
grad ing- f rom t u r b i d i t e  bed
APPENDIX I I I  
STRATIGRAPHIC SECTIONS
Gen e r  aJ_S t  ateme nt
A t o t a l  o f  eleven s t r a t i g r a p h ie  sec t ions  were described and 
measured. Most o f  the sect ions c o n s t i tu te d  on ly  a p o r t io n  o f  a t o t a l  
fo rm at ion  or u n i t  th ickness ,  th e re fo re  segments o r  "sub-sec t ions"  were 
l a t e r  in te g ra te d  in to  f i v e  composite sec t ions :  the Big Hole Peak s e c t io n ,  
the Cabin Lake s e c t io n ,  the Graves Creek-Vermi l ion Peak s e c t io n ,  the 
M art in  Creek s e c t io n ,  and the Mount Berray sec t io n .  The general l o ­
c a t io n  o f  the major sect ions is  shown in  Figure 2 , The d e ta i le d
lo c a t io n  o f  each sub-sec t ion  is  shown on a topographic  base accompanying 
the fo l lo w in g  s t r a t i g r a p h ie  columns.
Most sect ions were measured w i th  a Jacob's s t a f f  and Brunton. In 
some areas where bedding was over tu rned,  a s tee l  tape was used. In a 
few l o c a l i t i e s ,  where exposure was sparse, th icknesses were determined 
g r a p h ic a l l y .  Where p o ss ib le ,  sec t ion  le v e ls  were marked every 10 meters 
w i th  s i l v e r  o r  orange spray p a in t .
The fo l lo w in g  sec t ion  d e s c r ip t io n s  u t i l i z e  quadruple s t r a t i g r a p h ie  
columns. The f i r s t  column shows l i t h o l o g y ,  the second sedimentary 
s t r u c tu r e s ,  the t h i r d  the f resh  c o lo r  o f  the rocks ,  and the fo u r th  the 
rock type to  which each s t r a t i g r a p h ie  u n i t  was assigned. S a l ie n t  
fea tu res  not shown by symbols are w r i t t e n - i n  to  the r i g h t  o f  the 
s t r a t i g r a p h ie  columns. W ith in  any g iven meter o f  s e c t io n ,  couple t
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s ize  can be q u i te  v a r ia b le ;  on ly  the dominant type is  shown in  the 
s t r a t i g r a p h ie  columns.
EXPLANATION: SYMBOLS IN STRATIGRAPHIC COLUMNS
Lithology
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Siltite-argillite
Quartzite-argillite
Argillite-siltite
Dolomitic siltite-argillite
Dolomitic argillite-siltite
Molar tooth carbonate
Sedimentary Structures
Fine to very finely coupleted, planar 
laminations .5 cm. or less.
Fine to medium coupleted, planar 
laminations 1mm. to 1cm.
Medium to very coarsely coupleted, planar 
laminations or layers 1cm, or greater.
"Blocky" siltite bed, massive unless 
otherwise noted.
Lenticular bedding
Symmetrical ripples, straight crested 
Asymmetrical ripples, straight crested
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Sedimentary Structures (contd.)
Tangential cross-stratification
Trough cross-stratification
Mud clasts
a Scour
' [ 7  ' :7 Penecontemporaneous deformation structures; load casts, ball and pillow etc.
Contorted bedding, soft sediment defor­
mation.
 J  LL.
Vertical ribbon structures
Horizontal pod structures
'•in Horizontal pod structures with "boxwork"
Rock Type Units
Red quartzite, siltite, and argillite, 
basal Mt. Shields and Striped Peak fms
Red-purple siltite-argillite
Terrigenous green siltite-argillite
Black siltite-argillite
[a Dolomitic argillite-siltite
Molar tooth carbonate
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B_IG HOL  ̂ P E ^  SECTION
The Big Hole Peak sec t ion  is  a composite o f  three sub-sec t ions ,
a l l  o f  which are located on the Big Hole Peak quadrangle. The sub­
sect ions are as fo l lo w s :  1) Spring Creek sub -sec t ion ,  located up a
steep well -exposed r idge  west o f  Spring Creek, 2) Big Hole T r a i l  
subsect ion,  located along the switchback logging road and pack t r a i l  
leading to  the summit. Exposure here is  main ly  in  road cuts and 
th icknesses were determined g r a p h ic a l l y .  L a s t l y ,  3) the Big Hole 
Peak sub -sec t io n ,  located no r theas t  o f  the lookout up a steep we l l  
exposed r id ge .
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Figure 3 6 . Map of the Big Hole Peak area showing sub-section 
locations. Geology after Harrison et. al., 1974.
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SC - SPRING CREEK (BIG HOLE PEAK)
meters
3 6 0
3^0
3 2 0
3 0 0
280
2 6 0
240
220
200
r^top, equivalent to 
- I 9 0  meter level level of 
\ Big Hole Trail sectioncovered
green
covered
fourple
-!cr
green
covered purple
gray euhedral magnetite
green
covered
purple Interference ripples
magnetite
mixed purple and 
green mud clasts
covered
green
abundant muscovite
purplegray soecular hematite
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SC - SPRING CREEK (BIG HOLE PEAK)
meters
200
180
160
140
120
100
80
6 0
4 0
covered
green :--------:
gray-
green
c
gray
:ray-reén
?ray-gm.
gray
.J Ü
JZ3D Orange or tan weathering 
where dolomitic.
-nw
~ju.~ %.
. .li--—  to 5 cm. slightly
dolomitic siltite beds
■dir_zr_
cm, stromatolites
— - J i i n
abundant wavy bedding, 
water escape, and 
synaeresis cracks.
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meters
40
20
SC - SPRING CREEK (BIG HOLE PEAK)
gray ^3 cm. contorted
bedding
covered
middle Wallace, 
tan weathering,
,5 cm. pyrite cubes
black
covered
BHT - BIG HOLE TRAIL (BIG HOLE PEAK)
meters
840
820
800
7&0
covered
covered
black
'<^top, approx. equivalent 
to 20 meter level of 
Big Hole Peak sub-section
gray-
green
green
ÿf-abundant pseudochannels, 
load structures.
rusty weathering float
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BHT - BIG HOLE TRAIL (BIG HOLE PEAK)
meters
7 6 0
740
7 2 0
700
Vc.U TO?
680
660
640
620
green
Covered
float: green siltite- 
argillite and argillite- 
siltite with abundant 
shrinkage cracks and 
occasional mud clasts*
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BOT - BIG HOLE TRAIL (BIG HOLE PEAK)
meters
600
3 8 0  m 
À
220 -
200
I
purple Mostly covered.
I
float: purple siltIte- 
argillite, 1 oc ally 
with straight-crested 
assym, ripples, muscovite. 
1%::%̂:::::::::::::::̂ Note: This interval 
Éililiii of the Snowslip is 
better exposed near 
the west fork of 
:::::::::: Thompson River, east of
# ! # !  Cabin Lake.
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Btrr - BIG HOLE TRAIL (BIG HOLE PEAK)
meters 
200  ■
180
160 covered
140
120
covered
100
80
60
covered
40 -J
— —  —  —  < Î % % % % % 
green
' " "  W w  A  .yp A
p u r p le - g m m il
gray crops badly altered,
commonly muscovite 
and magnetite bearing, 
locally with 1 cm. 
lenticular bedding and 
straight-crested ripples
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BHT - BIG HOLE TRAIL (BIG HOLE PEAK)
flleters 
40 .
20
gy ga d
■sa ■ ca g  .
purple-
gray
i i i i i i  approx. equivalent260 meter level of 
Spring Creek sub-section
,BHP - BIG HOLE PEAK (BIG HOLE PEAK)
meters
340
320
300
280
260
covered
covered
» ? -
o » a V
.top
LT-
green
? lowermost Shepard
__________ I
purple Silt it es and fine-
grained quartzitesgreen
purple
c cxnmonly muse ovit ic.
raindrop impressions 
sc our surfac e
trough cross- 
stratification.
purple
green
'p u r p le - # i# # g §
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BHP - BIG HOLE PEAK (BIG HOLE PEAK)
meters
260 -,------
240 -
220
200
ca o
180
160
140
120
100
%» » » *
c o
$ *
fered
to 4 cm. tangential 
crossbeds
mud clasts, dessication 
w: cracks
purple g:
ripples and 
straight-crested assym. 
#  ripples.
purple + i## 
green lêŜ igiigii-escour, climbing ripples
green
sinuous-crested ripples
C 7
(TP
gray
black
-<*ball and pillow
abundant muscovite
-   - —̂
— 3 cm. low angle tang­
ential crossbeds.
n o
BHP - BIG HOLE PEAK (BIG HOLE PEAK)
meters 
1 0 0  —
80 -
60 -
c overed black
_S2 E2 E2_
covered
20 -
gray+
black
cycles: 5 to 100 cm. 
argillite-siltite, 
commonly paper thin, and 
10 to 200 cm. blocky 
siltite or coarsely 
coupleted siltite- 
argillite.
abundant pseudo­
channels and 1 cm, 
pyrite cubed.
/ '
base, approx. equiv­
alent to 830 m. level 
of BHT sub-section.
covered float : gray and green 
siltite-argillite.
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CABIN L^KE SECTION
The Cabin Lake sec t ion  is  located along an east-west t rend ing  
r idge  about .5 km south o f  Cabin Lake on the Thompson F a l ls  15' 
quadrangle. The sec t ion  s t a r t s  a t  Four Lakes Creek and goes up 
and over a 6524' e le v a t io n  peak. I t  then fo l lo w s  a f l a t - to p p e d  
r idge  and l a t e r  ends a t  the summit o f  a 7001' e le va t io n  peak. 
Exposure in  t h i s  sec t ion  is  good to  moderate.
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THOMPSON FALLS QUADRANGLE
M O N TA N A-SAN D ER S CO 
15 M IN U TE SERIES (TOPOGRAPHIC) '
i>i-inonf(F' 115*15------------------------------------------   47^̂
/  ‘ ' . i Gar̂i*
I km1________I
Figure 37* Map showing the location of the Cabin LaJte section 
and the lower part of the Graves Creek section. 
Geology after Harrison et al., 1974.
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CL - CABIN LAKE
meters 
680 -
• • • b
660 - red
• • • • • • • • « • • • • I
• • • •
#**#»#**###*#'
•  • • • • • • a  a a a a *
• a a a a a a a a a a a *  
a a a a a a a a a a a a e  
a a a a a a a a a a a a #  
a a a a a a a a a a a a #  
a a a a a a a a a a a a *
top
abundant dessication 
cracks, muscovite, 
straight-crested assyma 
ripples a I
640 -  ^ ~ _ i T
a  a a  a  a a  a  a  a  a  a  * _ ^  
a a a a a a a a a a a *  ^  
a a a a a a a a a a a a *  
a a a a a a a a a a a a *
620
purple+ 
green
base, Mt a Shields
mixed red and green 
"mud clasts a
600 -  _î. !_ purple
.10 cm, festoon cross- 
st ratifie at ion a
interference ripples
580 -
green
100 cmaX 20 cm a siltite 
boudins a
5 6 0  — ^
'__' çy
. •
9 . 6
u r p 1 e +p i fgreen
5 4 0  -
green
m ^m m ^$$^clhnbing ripples and 
###::::! flaser bedding*
520
O "
o p u rp le climbing ripples, 2 cm, tangential crossbeds.
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CL - CABIN LAKE
meters 
520 ----
r i j  zj I j
500 - -  r
-Z 10 cm# climbing-rippled 
-I^^iltite with scoured base#
abundant lenticular bedding
460
'_  _S2_ S3__ S2-
green
covered
440
silty” (low carbonate) 
Collenia symmetrica, 10 cm
-  \ i i  r ~ r ^  < o  <o> 43>.
420 O Te, • 1 :1 :1
f ' > : ±
Z L jy z p r
V t -
400
Collenia symmetrica, 
vertical ribbons, pods, 
etc #rnnt—it—JiCDÎ
380 - —  —
CZ30CII— rpf
“ DC=3^ ;c3
c overed asczooOiOCT^C
C3<
float: molar tooth 
carbonate#
360
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CL - CABIN LAKE
purple
purple
oQOC Î
ooocbczEt carbonates orange to
tan weathering.
euhedral magnetite.
cycles: approx. 3 m. 
coarse to medium siltite- 
argillite with fine to 
medium argillite-siltite, 
flaggy breaking.
10 cm. tangentially 
crossbedded dolomitic 
siltite.
200
CL - CABIN LAKE
116
pui'ple
purple
.badly cleaved molar 
tooth carbonate
_  ■■  \. base of
Shepard.
abundant synaeresis 
cracks and î ater escape,
. •—  ■ o  c? ^  -- green
80 o * ' . *»
60
p  o  ® •
t> W . V
40
purple
dominantly siltite and 
fine quartzite, sparse 
argillite, horizontally 
laminated, muscovitic, 1
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CL - CABIN LAKE
meters 
40 -
I • —
err v-T
green y
20
Iovered
black
approx• top of black 
^silt it e-argillite
member in the Snowslip*
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GRAVES CREEK - VERM]LION PEAK SECTION
The Graves Creek-Mernii 1 ion Peak sect ions are on ly  2 to  3 km 
a p a r t .  The Graves Creek sec t ion  begins approx imate ly  .3 km south­
west o f  I r v ' s  Creek and fo l -ows an o ld  logg ing road w i th  road- 
cu t  exposure up to  the 520 meter l e v e l .  I t  then t raverses the south 
f la n k  o f  a r idge  and terminates in  a draw where exposure is  sparse. 
The Verm i l ion  Peak sec t ion  inc ludes s t ra ta  measured along a gulch on 
the nor theas t  face o f  the Peak and a lso  s t r a ta  exposed in  ex tens ive  
road cuts a t  Verm i l ion  Pass (see Figure 38 ) .  Bedding is  over­
turned or near v e r t i c a l  a t  both Graves Creek and Verm i l ion  Peak.
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# A 0
v e r m i l i o n »  
_  l_ ‘  P a s s  \  , \
t e l
I km
Figure 38. Map of the Graves Creek-Vermilion Peak area showing 
the location of measured sections. Geology after 
Harrison et aJ.,, 1974.
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GC - GRAVES CREEK
meters
1180 .
covered
1 1 6 0
i i - l  l - l - X
lliVO -
1120 -
covered
1100 ___
t*P
green
: /fault, high angle,
1 subparralel to bedding
^PProx. base of Shepard (?)
pu+grn i" m m m #
purple i i i i l i i
green j^mixed purple and green 
: mud clasts.
1 0 8 0  .
yg tr  S3L
rrr,
~r^ '~gS—
1 0 6 0
CO
lo40 -
purple+ 
green
purple :::::::
:<-flaser bedding, climbing 
> ripples, and straight- 
crested assyro. ripples.
green :<
purp3 e
GC - GRAVES CREEK
121
meters
1020 -
1000 -
880
münLmrür:
980 -
<3^ 13> CD
960 -
G> CTl gg
g r e e n
c y c l e s :  a p p r o x .  2  m . 
a r g i l l i t e - s i l t i t e ,  . 5  t o  
1  m. s i l t i t e - a r g i l l i t e  o r  
b lo c k y  s i l t i t e .
-< 1
2 t o  3  m . s i l t i t e  b e d s ,  
U s u a l l y  h o r .  l a m i n a t e d .
920 - —
* m o s t ly  
g r a y
900 - ^  o  o
  .------ . | T>»< J ‘± > LLi
c o v e r e d
7̂  —
GC - GRAVES CREEK
meters
122
860
(27 VZ> <37
840 c overed
820
800
I I
780
760
black
740 covered
720
;x- : ■* Xs ,
' V-' ^
■ v
\<~5^ cm. graded siltite bpd
•'■' -x̂ ' ÿ-? ~
black
cm. scale lenses, some
with low angle tangential
cross-stratification.
J
I-l3l-l3>I-I;l7̂ 20 cm. graded siltite bed
green
—
p u rp le
123
meters GC - GRAVES CREEK
700
680 , * - r
660 -
purple M i l i
s m m m m
640 . green
620  -
600 -
580 -
covered
560 -
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GC - GRAVES CREEK
meters
540
520
500
440
420
covered
r=
480
460
green
• 5 cm. straight or sinuous 
crested ripples.
— Bk— ca_
TT il U U l j / g :
400 -
^minor synaeresis cracks.
50 cm, graded siltite bed 
■̂ vrith 3 cm. trough cross­
in upper 3 cm.
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GC - GRAVES CREEK
meters
3 8 0
3 4 0
3 2 0
3 0 0
280
240
3 6 0
260
■1 n ~ r
67<0?€2<c5
cm* Coll en ia undosa 
heads.
green
pyrite cubes up to 3 cm.
cm. Collenia undosa 
heads
cm• Collenia undosa 
•“* ' — heads.
gray- ^  
green
—  —
GC - GRAVES CREEK
meters
126
220
200
c overed
180
160
covered
140
covered
120
100
80
covered
3»7
gray-
green
gray
. i C
black
-=r JEZi
— molar tooth ribbons
gray
black
middle Wallace 
"black and tans"
meters
127
GC - GRAVES CREEK
60
40
20
0
covered
black
middle Wallace
low angle tangential 
crossbeds in lenses
128
VP - VERMILION PEAK
meters
top
<-10 cm, quartz vein 
T<r-10 cm, Collenia symmet 
rica, low carbonate.
800
780
I-K-minor faults
green
1^5 cm, soft sediment 
deformation.7 6 0
purple
green
purple ^  abundant muscovite dessication crackso
720
:^minor fault
7 0 0 green
minor fault
680
660
129
meters
6̂ 4-0
6 2 0
600
580
5 6 0
540
5 2 0
VP - VERMILION PEAK
covered
«5  S I
c overed
500 J
cm. Collenla symmet-
E-Z-Z-I-I-Z-Z-Z- rica.r3->I->I-I-I-:-<-pyrite cubes
-:C^appr#x. base ef Shepard t
1tectonic f old in g
C-ZO-I-I-Z-I-I:  1
green
purple+
green
purple
green
abundant pyrite 
slightly dolomitic,
________I
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VP - VERMILION PEAK
■•ters
5 0 0 ,
480
460
440
420
4 0 0 -
380 -
360
340 J
e*T#r«d
imiruLriDi
^ ü ü i i
covered
1 te 2 meter 
siltite beds.
black
or
gray
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VP - VERMILICN PEAK
k#t#r#
340
silt It# bed.
320
300
280
ball and pillew 
up t# 30 cm.
260 .
240-
2 20 -
2 0 0 -
ISO .
' i l  i n > .  n . , f
black « 
g ra y
n l  1 1 1 I t j .
very slightly
del emit le.
covered
10 cm. siltitepurple beds.
purple : ripples
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VP - VERMILION PEAK
meter*
180 ,
160 -
140
n I  7 T 1 T I T D
120
100
' *,
80  '
60
40
M i A j n m
20
purpl* . # : # li
gS^l^ellmbimg ripples, 
;%±: flaser bedding*
greem
tangential X-beds
10 cm.
synaeresis eraeks.
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VP - VERMILICN PEAK
20 -,
:in—n im ii
g r0 0 * z-3-Z-Z-Zi-Ij" syn&@ r#sls cracks#
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MARTjN CREEK SEmON
The M art in  Creek sec t ion  is  a composite o f  fo u r  sub-sec t ions .
The sub-sect ions  in  ascending s t r a t i g r a p h ie  o rde r ,  are as fo l lo w s :  
the South Fork sub -sec t ion ,  the Kismet Creek su b -sec t ion ,  the 
C l in to n  Gulch sub -sec t ion ,  and the D e v i l ' s  Gap sub-sec t ion .  The 
measurement o f  fo u r  sub-sect ions was necessary due to  the absence o f  
a complete ly  exposed in d iv id u a l  sec t ion  showing the e n t i r e t y  o f  the 
"upper Wallace" in  t h i s  area.
The South Fork sub-sec t ion  begins approx imate ly  1 km southeast 
o f  Minton Peak on the Bloom Peak quadrangle. From the base o f  the 
se c t ion  to  the 1230 meter leve l  outcrop is  s c a t te re d ,  hence u n i t  
th icknesses were determined g r a p h ic a l l y  throughout much o f  t h i s  i n t e r v a l  
Northwest o f  the South Fork o f  Mart in  Creek exposure is  good; the top 
o f  the sec t ion  is  located on the c re s t  o f  a r idge  s i tu a te d  between the 
South Fork and McNeeley Creek.
The o the r  three sub-sect ions are a l l  located nor th  o f  the main 
channel o f  Mart in  Creek on the Noxon quadrangle. The Kismet Creek 
sub -sec t ion  is  s i tu a te d  .5 km west o f  Kismet Creek and the C l in to n  
Gulch sub-sec t ion  is  1 km east o f  C l in to n  Gulch. Both sect ions ascend 
up the south f la n k  o f  an east-west t rend ing  r idge .  The D e v i l ' s  Gap 
sub -sec t ion  was measured up a gulch on the east wa l l  o f  a la rge 
canyon located 1 km west o f  C l in ton  Gulch.
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X
« lï
I K m
Figure 39. Map of area near the South Fork of Martin Creek
showing the location of measured sections. Geology 
after Harrison et al., 1974.
J
— >■
R R. II W
t km
Figure 40. Map of Martin Creek area showing location of sub-sections. 
Geology after Harrison et al., 1974, w
<y\
SF - SOOTH FORK (MARTIN CREEK) 137
meters
1620-,
T T H  I I  1 I I T
1600.
1580
1560. qy O o
1 5 4 0
<>>
1 5 2 0
1 5 0 0
eovered
1480
1460 .
black
greea
black&
g ray
Tep
^abundant Muscovite
groom
to 10
-[ beds.
am. siltite
'- '^ 5  CM. p i l lo w s .
black
slicks In float, 
slight change In bedding 
attitude, ? thrust
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SF - SOOTH FORK (MARTIN CREEK)
meter#
1460 .
1440
covered
1420 A
1400
1380
1360
blaek« 
gray
*T - n i n i i im x
1340
green
covered
1 3 2 0
1300
tttt
-4-5 am* soft sed* folds*
^ 2  m* siltite bed, 
her* laminated*
^ 3  mm. pyrite cubes
< ----------------
T  -nr=— r
abundant water escape 
Sc synaeresis cracks, 
locally museovitle*
139
meter#
1 3 0 0
SF - SOVTH FORK (MARTIN CREEK)
1280
1 2 6 0
1240 .
1220 -
eevered
i ' i ' 1 ' 1 E
covered
UTi, I 'l l
• 0 • V O D
3 .  !. .  I1 :  I 1 I
T 7 '
1200
1180 _
1 1 6 0
11*̂ 0
covered
covered
laterally-linked 
^^{^f^^omlsphereld#„ 5 te 
30 cm.
^^^^^^^peculiar knobby ueath- 
^gO^^^oring quart cite.
OC3CD3̂ ^CDO
l e3c=»(
delomitie quartzite#, 
ine-grained, 2 te 5** #
trough or ripple cross- 
laminated, muscovitic ,
green&
gray
tarn to
orange
weather­
ing.
or. pods passing 
laterally to hor. 
laminated micro spar.
□ Q ^ â L J ç
Ic3
■ *£=30*
OCZDZZDi
lïz y i
I d
140
meter#
SF - SOOTH FORK (MARTIN CREEK)
1120
1100
1080
green& _
grey
1060
1020
1000
980
Fleets melar teeth 
carbonate & delemitle 
siltite-argllllte er 
argillite-slltite• 
Thickness determined 
graphically.
141
m«ter«
980 1
960 -
9'tO ■
920
900 -
880 .
SP - SOVTH FORK (MARTIN CREEK)
t a o c S o c
«sversd
860
8<f0
820 J
iL* ■
, « ,  « * U .  * . *ü
ga r?> rra
Covered
I
g ra y *
greem
~rn;.
gream =
= [
 - badly altered
 *
pxirploà-jreen .
green
cyelesi 20 em. slltlte- 
argillite with 20 cm*
_̂Ti_rL_ri_rLr"_jT_rT_T ar^ ill it e “ s ilt it e *
142
meter#
820
SF - SOOTH FORK (MARTIN CREEK)
800
. crested sssymetrical
iHKKHpHKH r Ipple s.
?8o .
760 -
740 -
720
700 -
680 -
660 '
purple x::::::::::
z^pelygonel dess, eraeks.purple
green euhedral magnetite.
I .' « JJ ti  l U
It. orange weathering
7 slightly dolomitie.
f̂ 20 cm. soft sediment folds.
4-10 cm. load casts.
_______ 4 cm. tangontialgreen x-beds.
50 cm. siltite bed, 
--------  her. laminated
143
met#ra
660 n
SF - SOUTH FORK (MARTIN CREEK)
6tv0
6 2 0 ________
» ft 0
6 0 0 .
5 8 0
5 6 0  -
e avorad
5^0
5 2 0  -
gree*
500
I
-;i
n
10 t# 30 «*• fine­
grained quartsite beds» 
her# laminated, abundant 
nuee evit e, euhedral 
magnetite, red weath­
ering.
144
motors
500
SF - SOOTH FORK (MARTIN CREEK)
480 ■ e«r«r«4
460
III ,1 111 1171
440 •
420
400 ■
covered
380
360
340
5 to 10 cm. graded 
siltite Interbeds.
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M eters
340
320
300 -
280 -
260 -
240 -
220 -
SF - SOOTH FORK (MARTIN CREEK)
eevered
“  Jû.gree»
- JTw _ _ mCT
r ~ —~ :3u. •• g*-<
200 -
180
^ Isjie s
ru s ty  w ea the rl»g
■z .-z
1 4 6
meter#
180 ^
160 .
140
120 -
100 -
80
60
40 -
20 J
SF - SOOTH FORK (MARTIN CREEK)
eevered
JJS
gree A
C ™3L̂-Zr
Fleet I greem 
ergllllte-slltlte# 
slightly delomitic
Fleett eeersely 
eoupleted black 
siltite-ergillite, 
delomitie, rusty 
weathering*
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meter#
20
SF - SOOTH FORK (MARTIN CREEK)
0 J
blaek&
g ray middle Wallace
148
meters
260
KC - KISMET CREEK (MARTIN CREEK)
240 .
220
200
lu ü tintirrrr
covered
180
160 -
1 t -Li i  ' 1 1 '1 i 11 1̂,
covered
120  -
100 J
g ra y
gree»
gray
black
gray
badly altered» 
red weathering.
0 cm# siltite interbeds
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MOUNT berRAY SECTION
Mount Berray is  located in  the southwest q u a r te r  o f  the Libby 
15' quadrangle north  o f  where the East Fork o f  Bull  R iver  j o in s  w i th  
the main channel o f  Bull  R ive r .  The sec t ion  was measured up a gulch 
on the south s ide o f  the Mountain. The s t r a ta  here are wel l  to  
moderately we l l  exposed in  the lower t h i r d  o f  the se c t io n ;  they are 
p o o r ly  exposed in the upper t h i r d .
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Figure 41. Map showing the location of the Mount Berray 
section. Geology after Gibson, 1948.
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